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Design and Synthesis of Azobiscalix[4]crowns as Chromogenic

Sensors for Ammonium and Metal lons
Student : Shih-Yu Chin Advisor : Dr. Wen-Sheng Chung

M. S. Program, Department of Applied Chemistry

National Chiao Tung University

Abstract

Diazo-chromophoresbearing calixcrowns were reported to give
color change upon specific metal ion complexation. Here we synthesized
a series of biscalix[4]crown 43a,b and 44a,b, and further functionalized
with .diazo chromophores to give 5lab and 52a,b in 40 ~ 50%,
respectively. The complexation ability_of compounds 51a,b and 52a,b
toward ammonium ions and metal cations were studied.

The results showed that 51a,b and 52a,b have low complexation
ability toward ammonium ions in CHCIs, since the recognition site of
crown cavity is blocked by the propyl groups.

Compounds 52a,b showed high selectivity toward Pb**and Ca**
cations in CH3;CN/CHCI; (v/v = 99:1) with bathochromic shift of their
absorbtion spectra. The association constant (logK,) of 52a-Pb*" -
52a-Ca** ~ 52b-Pb*" and 52b-Ca’* are 5.06 - 3.41 ~ 4.03 and 3.78 -

Through the asymmetric shift and splitting of *H NMR titration

spectra of 52b with Pb®* cation, we propose the Pb** cation form an



unsymmetric complex with the banded 52b at the concave side of the

crown cavity.
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B RAET D E PELREAE (HNMR) 2 s Pe R L3

(PC-NMR) # & 7 A %4 cnin & i & ie (74ip] > 4oBlT o7 o



para-substituent-through-the annulus

0

n
O‘ij oxygen-through-the-annulus rotation

W= - 54+ Epens Bt o

(©) (D)

Wz >{rche & 1!;;1 7 :cone~partial cone~1,2-alternate £2 1,3-alternate -
10b

WG PR PR G BP0 5 cone AR 0 I T OARE
Wima B AB g% (AB quartet) 5 FH#-7; 5 partial cone £ A
1,2-alternate p > R 2% i BE4%  (doublet) ¥ - i B % (singlet) 5 @ #

A5 % 13-alternate B ¥ 5 — B H % o pt¢b > hogiyeas partial cone &



TP AR b - AL o SRR ST TR o PR B AR
PR PR K F e A4 o F A 5 cone HA R Al § 45 31 ppm
7 - B Bpa el F AT F 8 37 ppm T ¥ - B septi
5. & 77 5 partial cone & & 1,2-alternate §£4) 5 £ & > F R F i

# 37 ppm ez 5L 0 B 5 1,3-alternate ﬁﬂﬁ.‘uﬂj o

13C NMR Spectrum

1H NMR Spectrum !
noise-decoupled ‘

Conformation

| | | | Cone

| Partial Cone | |
Ll L and
| 1.2-Alternat ‘
T T T T 1,3-Alternate T T T T
4.5 1.0 3.5 3.0 39 36 33 30
5(ppm) 5 (ppm)

UEGRE R CF R RSP R

BLRE PR R R B 8 35 ppmIiT g T AR AR -

S

—N

R AN MERR S P d LT d BERFIRRT R

‘BEL RS B ABRE HE V¥ EEY 5 12-14Hz0 § &

o

§
B A A IR P R A fAp £ ahcone 1) § i o
f2. % ¥ ehsk i (ring inversion) > doBl- TR o Tt pEE # 1A

EAMEIRHE H AL - RREOEE FERSBE B B T en

6



Pk € it o QB E PEERRFH AT RIIEA R o SR H 4

g%d\'ﬁ"d& ék‘djﬁié ’ 41\7']%]-—“ »_«'Li,ﬁ_ o 911

Q O OH OH OH HoHa .
Za “»/ /\4' B
i iy Sl 108 D 8

W=~ =2 Tk fuiE o 11

L sec 89°C
i, 43°C N 43C
—~—— 32°C S 32°C

— A 26°C - NNy 25°C
)\J\ }\l\ 50C MM sec

p-tert-Butylcalix[4]arene p-tert-Butylcalix[8]arene

CDCl; solution

W] = ~p-tert-Butylcalix[4]arene (=) £ p-tert-butylcalix[8]arene (+) z

BRI PEE LY

122 ¥4 Al
d S rahe AR ST IR U BRIk R
ZERES SRS E EC RIS 2/ RS AR

AR L - MR n> F T e AR AR i &



AR it R A S R DT A e U R e
B o 1R e g T R AT e g A o

ERC RN SR PR N & - ASVRA 3 R b S D -
<ol ok R B A A ) ok Tk R B A MR R ME X o
PR g e g RS A R R T2 B
(metal template effect) - gkl 5 £ B Hicds p - 5 227 = cone 17 ;
2% 4% 33 P AL partial cone #4554 0 2

PR R ARERAE A B B TR R Y A
AR IE o bldhe t 54T G H B iR S ke > e * R4 (NaOCH) »

BBk § ¥ g (KCOs) s = P-A 4% § 42 (BaO) s mB it 7

fi* @4 (NaH) -

123 =T FTHi42 zwiE5H& M (Regioselectivity)

ST s A gkt 3 46 AR (V8 - 4 R 4o

P T B A A B @ E 5 (B U A

1231 sHFTHmA T ERE
1992 # Shinkai #4245 ¥ &> 7 g 4 1 (alkylation) F J

EECFEAN TR AR TeRR Y Y RO

8



%g%"’ 545 &b % A (benzyl bromide, BzBr) - k3 *t ¢ ¥
(acetonitrile) ek @ > kSl ei e nfaig ek g £k A
BEAFHNE- P A - o § ¥ R (potassium
carbonate, K,CO3) ¥ & it 4p (sodium hydride, NaH) i¥g& chpFiz » &
WE G P REOreEEN  KCO; e B~ (distal) - NaH ¥ »
AR B~ (proximal) - #Am g 2 * g a4 (sodium carbonate, Na,COgz)
PEose R R BB A Y 1 e B o B g R B B
M H ek eng R 5 OB o

el >? o % 543 KCOz 8 2§ & NaH 372 5 ] g i P it
5-1 5 A ERES T Ao g T iy ik (pKa®) 7
B o R RGE chig PE 0 ST TR enE AL KA 2 L F 4B
AP RBFRBEEAINCEF 4 S THERE NP 418 425
FAEAfL o B Al cnFieladpd o Ba e F 42085 -
oo BEFR L PE NV g ot 4-2 B WOR SELE o 3K A R S e & AT
F e gmf e 4-1 a9 ;I}u{g;ifx RN 5102 FF
e NaH e B 8% 77 gt 25 o

EFALE > gt 5 g & NaH o % 717 3] 58% 4R i B

RE 45 5-20 B pFES B3] 22%e B~R s — R piE- HrrA LD

Pt S o FE MR E ST LI bR E > 22y



EOBNBr F g - BIEF I A RPN AF S S
ARSI EFT 3% a MR AT Ey 73% -

h A P iR P e SR B R T AT A4

s

i91\}

WHE_ 12 TP HEERRDEI G- E B B o 1Bt By
BRI 52 AR E 0 Fl S de i h NaH ¥ -8 B ik
WGz AR 3 ol mT S 8 BE A AR R A

Go- BALKES S PEEIERS -

Bzl Bzl
e o 0 BzIBr Y0 H-0
O=H 6_ O=H i 6
Bzl
Bzl 4-1 5-1
"0y nH-0 distal
NX 1t
SRl O Bzl Bzl
4 0 O BzBr 0 |l|
O\ H-0 0lH-0
Bzl
~ 4-2 5.2
proximal

WA ST T Az grzAitad AL E -

1232 *F THLAIPRIFEF BEEE

EHTREAL I PN IR LS A f&kﬁ'gmgr¢*xﬁﬁk

10



(calixcrown) 6 » § se7k % 47 =f (calix(aza)crown) 7P £ E % A 5 >

Bl 4os77 o &b B adwT 748> i5- FhE TR A F TAE RN £

R R £ S LEE LA U

Base — — Yeild / %*

(equiv.) Distal’ Proximal® Mono-O-Bzl Tri-O-Bzl Tetra-O-Bzl
NaH (2.0) 24 14 46 2 10
NaH (5.0) 0 58 0 1 22

K,CO;(3.0) 86 5 5 0

K,CO3(5.0) 93 0 3 2

Na,CO3(5.0) 11 0 4 0

a) & & &)+ 100%F 5 FlARRA 2 A F el o b) HinB i o C) AS(2Be
A

Berag 3 &4 e 3+ (alkaline earth metal cations) % 449 3+
(ammonium ions) % 7 & 318 (ionophore)™ erx s % 2 § %4 [4]
-6 (calix[4]crown-6) &zt @ $o o F|ptdefm e di] 4 A F P OAR
i s o a3 W A SRS g~ P RET Y
E%L o

Shinkai #c#% i 1994 & {1 * =45 = ¢ % & = f (tri(ethylene
glycol) di-p-toluenesulfonate) 134 &7 I i 2 T F ¥ a7 3 ch A 47

VR

I
T

CSIF R S Y S I T LR S -

11



A A i Lo e B T it £ 815 (P A4 11 2 B AfE D
ko Ra LRl g et £ 5ApiT)- Y Run2 42§ B & 14

DMF > 70°C p¥ {8 $| 48 i+ 5 > 4% 8 % 96% o !

3
n = 2, Calix[4]crown-6, 6 calix(aza)crown, 7 &

W+~ %= ¢ 2 A S 815 Bk o

12



Pappalardo #c4% 1997 & ch2 ¢ Bl E4]% - HB i xh ch3 i
16 &4 £ 1 K,COz~ 47k DMF ¥ 4rig 1 70°C ¥ @ 3|2 § B
¥ it &4 170 2 5 2 41%¢ b pFs @ 5] ALK 26018 (4%) &
SR SCICORRLET BRI SR EE PRy ¢ 8 ST kY

e3P AP 2082 21 @ K o el - from o 17,19

2o N ERTHSMINL R iR o1

Aun Reaction conditions® Product . Distribution of product / %
Base Temp vyield”

Eaiv. of 1 Solvent o o’ 8 9 10 11 12 13 14 15
1 LiH (4.2) DMF 70 18 21 41 - 3 13 - 3 -
2 NaH (4.2) DMF 70 66° 96 - - - - = 4 -
3 KH(®4.2) DMF 70 52~ 91 - 2 6 - - 1 -
4 NaH (3.0) THF-toluene® reflux 44 64 - 18 - - 5 4 9
5 Li,CO;3(10) CH3CN reflux 10 - 10 - -9 - - -
6 Na,CO; (10) CH3CN reflux 65° 6 71 10 - 5 6 2 -
7 NayCOs3 (10) DMF 70 52¢° 8 64 1 - 9 - 13 -
8 K,CO3(10) CH3CN reflux. '60° 3 63 25 2 3 - 3 -

Q) = A AT 105§ £eb) A XA 7 g kg k- ¥
o B AR AP B S A F BrhFdr o) @ W T AR KR T
*+ 5% - d) THF:toluene (v/v) =10:1 -

13



Ts0” >z 0Ts
(1 equiv.)
e
K;COj3 (10 equiv.)
DMF, 70°C

RCH,X

NaH, toluene, 70°C

a | 2-Py a | 2-Py  (CH,OCH,),
b | Ph b | 2-Py  (CH,OCH,),
¢ | 3,5-CgH3(NO,), c | 2-Py  (CH,OCH,),
d | 2-Naph d | Ph (CH,OCH,),
e 2-Quin

AW I ER R RAS T E S E B IEIAT L o

16
RH:C. OH  5™>z">oH
[ -
K,COs4 18
Gre OH o ~o~ I/Zj
RH20\OH > Ts0" > 27 0Ts RHzc\o 0~ ~z7 ~OTs h. AW
ﬂi RN — ‘ﬁ < 2Ceo
‘ ‘ il 17
20 21

RApe o Y9~z B ol Ol chr
o o
-~ D M)

19

WL - 23 sy FAT R g e

Reinhoudt #c3% 1997 & ® 2 & & £ 21 2-alternate WA e
RO Ar gAY F S § i k7 A5 222 4 £ NaH - %% -k DMF
BEiEE - 1P F /YA (N-ethylene glycol ditosylate) &+ 7 3|
45% cone 7 ehfEE s 45 (Entry 2) 55 § £ NaH - 05 § £+
ditosylate > % 'k DMF ~ &+ 12 {8 3] 75% cone ﬁ&ﬂ;ﬁﬂ 1,2-% f B
(Entry 3) - 1 % 347 & Entry 4 £2 5 eni 27 % ¥ {7 3] cone $7) 8

RS o R FRIFEEL SR PR Z o



RZ G REET A SRS O E LA D

N-ethylene Yield / %
Entry Base Solvent  glycol cone 1,2-alt. 1,2-cone

ditosylate  piscrown biscrown  monocrown

1*  t-BUOK (5) toluene Tri- 40%

22 NaH(2.2) DMF Tri- 45%

3? NaH (5) DMF  Tri- (0.5 eq) 75%°

4P NaH (5) DMF Tetra- 35%

5°  t-BuOK (3) toluene Tetra- 35%

(@) Aededr 427 A5 37. (D) 42404 =47, (C) X A 5 A48 127 triethlyene glycol
ditosylate.

1.3 i+ ER R ® (Chemosensors)
FPERPIE- A e dEd BI0A o3 FrRE A (analyte) 225
@vEE & (signaling unit) > 4cB L = 5w o P F A S FERE AT E

BB BEPFERNENEG Lo ASLRIEE ~RF s 3 PR

=
&
o
34
il
Ny
b
\ &
_\.,3\,
=
&
G’Sd\
&
o
il
e
a_
b

e RET M2 2

signalling unit receptor substrate

WL s CERPE2L A E A oD

15



1.31 #¢ B R =E (Chromogenic chemosensors) 2. & 3+ k3%
FdREFEZ RILEAN* S & § B & 400-700 nm 7 8k g

BN P Jm F B ATFRRins + A B AR § 7 LR

A4t 7 EEY B PR (naked-eye) L I B T L4748 & Nk

i I

N

PPEEA T 2 B K 5§ A & F 1 Donor &2 Acceptor v ¥ d %
KR Y DR P SRR R R S T
(internal charge transfer, ICT) » @ % & BTk £ chings o 2

hAm~? # ¥ B % L § % (p-nitrophenyl azophenol) i+
A AR i FF TGl L R W AT R
TIABFLI LTI A BRS LGB T A 4 2
7 fe# 4 (electrostatic interaction) £ &g+ - &+ it * 4 (ion-dipole

interaction) e @ 7 3 Af T F 3 E R g 2 R - B R RZE P oiE

2001 # Hong % £ 3 ¥ =-pl A ® § F &4 22-24 %24 9 (v
L4 22 8 23 AT B G EHM > A Ak T L kR 562
B615MmM A 4 FTajcE o I d F I L NI BES o

Yot B g ARL BT A T8 4 A B 401998 & Kim

s
e
)
«y&»
Q

13- B & RO B F T 8 252260 4k

GO L pHT PG fieng Bz B4 Ca¥ae s 2§ Ea4 . kR ek

16



N02 N02 N02
NN NN NN
© H3C/©\CH3 tBu/©\tBu
OH OH OH
22 23 24

$ 22-24 - 2

1.4 @47

% - B oS5 E 73 1983 &d Ungaro k#2974 = I % & 9 B
T AR EAE T A0 4 -6 P T o T 2 (5 BT A PR
*¥ % calix[n]arene (N =5-8) &7 L fAARE A L S & o T T
- 4B RLE G AT PR T T iEidg £°F (alkali metal) ~ 4 2 2%

17



(alkaline earth metal) 7 :& & £ /& (transition metal) =& 415 3+ » &2
% (amines) » B> r e F B R AR ILE 3 AR e cFERt e 4 o M FER
PR T E R R (1) FEF RS kD (2 TR
BN () T IER R R o

FAEMEBA LT T A3t AT R AR RS
ABAHEL F A FEROERP A LN S A AL

B RomsFe 28 L8 0 A2 Mg bdog R % R0 S

141 ®§ TR L FER BB

1995 £ Shinkai %325 & 7 - BRI s in § ABL L
% 4 423§ 8 (chromoionophore)™ — f* £ 427 - ® teg @ » 4
L4 27 ¢ Na'8g+ 482 > i¢ o Achwiycid (435 nm) T 0 A &
621 nm # = FTex fc i Fode 497 N F - R ggBhs T P 4 2 KT
2 {6 RED € LI Bl I AT e

2003 & Kim &85 45 T@-6 B At i § 3 ¢ ®|E P~
&4 28-34 5 P oWt A AT 0 T S AT AR PR £ e
GEM L5298 324 Ca"EF ERM AKF AP LR

oo ipHd Nt A 20T g g i A CaTE L TS

18



Absorbance

- L 1
300 400 500 600 700 800
Wavelength /nm

W11 -®ismsipitLis 27(2) % 2 Na' & CHCIy/NaCl g ¥

%

B3 By ot thow 8ok Sk 2k > 4~ 40000 F £

TRBRREATT FOR AT BIBESE M AL B oAt £
32 84133 4 W 5 TR H A BT BB RGLPS R 0 427 L partial cone 1
Aot CaBL SR HFFEFE I TSl Pl N
AyYenF X3 EBHEFFEF T LIBEBEN O RBF LA FTOBIBER |
Fripac gt A m 3 EEHBRL B ER L SR FPS L ELT
32 Bdstrgfand 30533 plEd A FHe Calt L B

T-cation & # #1:& = o

19



O.N NO, O,N

K 2
ol
| @ 31 R1=R2=CH3

O,N 32 R1 =H, R2 =Pr
29 R=H 33 R1=R2=Pr
0 R=PFP 34 R1=R2=0Ct

W-L-= it &£429(0.01mM) i @ 4 » 10000 § & c— B ~

BOvRis g b LR KR (@) wEEd g o

20



Fw 1 L4 20 32 87 33 HiRAT OB & K ek o7

Amine logKa
29 32 33
n-diaminopentane 4.424+0.03 4.00+0.04 -
n-propylamine 4.124+0.06 3.6810.06 -
n-pentylamine 4.1740.04 3.6510.07 -
n-heptylamine 4.2240.03 3.731+0.05 -
n-octylamine 4.22+0.02  3.741+0.06 -
n-decylamine 4.20+£0.03 3.7240.06 -
n-diethylamine < 3.64+0.04 -
n-dipropylamine - 3.63+0.05 -
n-dibutyllamine - 3.6610.07 b
n-dihexylamine - 3.52+0.06 -

n-triethylamine - " \
n-tripropylamine - A :

S FERE R T RS a2 B on g Mo Kim g
WH MBS EGE R E P 29 T T GehErding o (X
R AL AR T SenP w s B P Juj* 73 RNH, 7 % 347-OH » i
#-OH 2 FS b o Bt - o R BRAER GG
180 & » Tt ¥ M HE b e ASdg P o B ORI & RIS TS
Log§ Bk, B AhE R YL 00 B B2 AL R

Ms A Fpe 2 b Fir o 4 rf&;’@;éﬁ%@éﬁ.i?'l om ki i f o

ARp2FF M FRERI AT RABECET FF RN
Gd e XY L3 EWB LD I oA AL o R ISR 0F T e

v i RNH, ) & 2 B a4t A8 -

21



&
N
¥

-l
i

e
R

‘k‘:&&gﬁﬁﬁ ’ ‘flj'ﬂ’ 29 _;;,i: 32 '}H’;\ﬁ"rn”‘ur

oA

Unknown alkylamine (1% 3°)

Unknown alkylamine (1% 3°)

Indecator 29

Indecator 32

——|
No__| Color change? s s Color change? o

Y0 _ 20 £ I H . a0 4
2°-3° amine 1° amine 1°- 29 amine 3° amine

Indecator 32 — |

Indecator 29 — i
" ] Yes | " X
Color change? 2° amine

. No —
Color change? 2° amine
No

Yes
3° amine 1° amine

WA~ 1% 8§ 3 29 87 32 Feak vk i AL ] o

142 © BEISFAHT LS ok

SHnE B E Aa 8 5% ¥ (acquired chirality) foF 3 ¥

2 (inherentlychirality) e #73} & * F > g dl > 54t € %13
GEAR TS RE LT RRSORER o FF LT o

RIS SRS SRR s

Bt - e wE P (B EMp? ) wmER (25 C(n>2)

BHL) S (5 ) - ARk nT 5 L1 (4 AU

AR TR FIR EHA M E AR > BEE PrERa 7

22



FHE L BB R PR L 4 R B
1993 & Shinkai & A ¥ ¥ =7 T %2 AFw B id » Z BV 2 B (R

- G FFE AP RE RN AT R RS T

Jul

FAEABAAT M SR AR EBRT PRI T TS
T BERRARF TR SN dTA S 434 HY s 30 23 F
A F > x4 partial cone ¥ AL E K0 5 1088 E o @ A
PTG 2 RERARF TR f St b 8o Y 19k
FEM AR T o S T 8 BB W g £ T
3 2548 ¥ 3 MAfE 5 4ok - arg (7 R BIRPACRE -
L — @) o
d &7 P4 - dndimd BIR o § A 5 cone EApE o 2V
4 AABC » ABCD ~ AABH ~ ABHH &1 fEe & & ;% #72) en> 1 &
R FIERRI T RS BRI T T
BT ST B i iTd S -
A 12-F R (TAEGGF AT TG ) e
4T AABC 8 F G E S o B anm B R T S iF

CAAT R R AT G T IR B

|
3y
=
lut
3.
‘Lﬂ
Y
e
T
B
w5y

A o FIM AR TR R T ;?;tF, TE R om0

FEG B 2005 EF AL AT 12-FRI o v £4 355 %
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B 4 @ T ARSI SR A
3-ethoxy-naphthalene-2-carboxylate 7 B (¥ £ 5 A B > ¥ &% F 3%

FE e LB KR G R i A o KRS T FF B R H

A

B E G e m35a 35be ¥ F Ao & Uk pFo stk
S ehg * st £ % 393 nmo § 4e » 700 F R e D-27 L-& 5 5 36
(leucinol) (B 4 (b)) P* » 35a trk & A %|3%4,19.3 % » £ 38.8% >
B8 F B K RA B E 50 M2 146 M7 o dopt AT BvdEge & ¥
ORI RE B S R

foAF % E 2000 E P o BB A E G RHG E P ES e
£ 4378 (4B = L 1om) > ALK — p AR - H TR T B A -

(b)

HaC (S)

OH
CH; NH,
1.45]
1.40-
1357 e-lH(L)-leucinol
1.30-] ”
L 125
w
1.204 ) 6¢-1+(D)-leucinol B
1154 ¢ sl
1.10-]
1.0

50 100 150 200 250
[G)10°M

L4 A EEAT 32(2) 0 #(9) A A 30 (D) 8o F ehag

& #5538 (c) 2 Stern—Volmer Plot (d) - *°

24



<

e

¢ A1 b g 4F benzyl 2 carboxzylate B ® 45752 AABC
T GG EMEE 40 1 % ik & & 47 % (high performance
liquid chromatography, HPLC) #-&t 1 & H4 37a £ 37b & - 1 # ¥

P T A R R g e -

BN S

YN

S |
J T Y
N NG
B ——

cone

cone

Wzt- S THTRARATLE P

25



BT TR} T AR o (Fh A BB R A AT )

number of different cone

substituents partial cone 1,2-alternate 1,3-alternate

1 AAAA 030 0%0
25 KBNS oge o%o e%e
(AABB ego e% ego
3

BAC é@ éﬁ@?@? G%; é@

22 T HRoBR A TR GAS (FEAF L H L)

ber of diff &
mm,ub;“mm"m cone partial cone 1,2-alternate 1,3-alternate

AABH (@ mgo H g 08 G’%
“ G BHG DG
3 ABCH (Dg @gé @g@ @3 @5 @gé (@E

26



B THIPRRG T RS (AT AP RS )

ber of diffenent
"';hm;“' cone partial cone 1,2-alternate  1,3-alternate
% [
B _®
0,
1
AAHH
ABHH
2
AHBH

1.4.3

Schiaffino ¥ Szumua & o+

96 1L
ig F f5_a §

w1 5 A4
d> 4l N / %_“cuvaure”
(¥ ) hgR o R n 24 @ (PY(M) > 15 o d @ e

7




kS AR S DA SURE SOl R S-S JTeR 3 - S < RN
T oL AR AR eI AR qfﬁ{uf%vﬁfﬁ W oo Sk g J 2t =
Pt BERM - FFBA DT SR LB E o SRR R

= b i BRLR e P RREATY RN SRS 7 6 R s

& §

BALS OPRR TS e
AL e AR AERE AR % E e 2010 B S AF R it L
37 TG W AR S 0 T T S o o R o S P
547 43ab 2 ddab g R iEE s F B E R RRE I Z 24
o ERAITHRE FEE G ERET T o B8 B SR
A F BT ERiE B e o

FA AR TR BT S kT A e S o BY
EEF P GEEFET AW g F g ke @y BT 2 Wy TR

PR S RAYF T § RS AR T O BRI S o g

BIFER s 5 o

F RS L S SRR T 1 £ 4 43ab & ddab (4o S

28



T ) TAHH 4 B PR L dR R L o e 7 R B AR S

ia

Jui

N
NN

o

Plud

FooNPE SNy 49a % S0ar L H S B

>
~

Ji

b

4

Vi e s e § SR -3 AR RS 47 Slab & 52ab (4

Bl + = #7

=y

)0 X FEd E AR S R TS EE AL B
Lz - Pz morwRiRit £ H L T 4 Fas (LiT-NaK Mg s
Ca™ ~ Ba* ~Ag® > Cr’* ~ Cd** ~ Co* ~ Cu™ ~ Hg*" ~ Ni** - Pb* ~ Zn*")

BT EE o T G T ARG PEE R RS

G
R

e
-l
Bl
%

~my
Y

=
(o8

P
_T__“..

r
().

B R gl e

Ry =H, R, =azo, 51a
R1 =R, = azo, 52a

1,44a n=1, R = Nap 49a
2,44b R'=Pb 50a

n=2,
R1 =H, R2 = azo, 51b
R4 =R, = azo, 52b

azo =—N,
r\14<j>—mo2

W= 1= ZFmE>443a,b e 44ab > 2 ¥ 2 g>45 49a ¥ 50a

2§ SRS 4 5lab 2 52a,b -

29



3.1 #% g vk

Amv AL FE AT OE S F BT AyRSR 4 o
TR G R DES A S s R SRR AT~ 8
BF ~E®F 24 F>4r 43a,b~44ab - 5lab &2 52ab; H ¢ ik SmE
ILiF & )T A 2T -6 (43a~44a-~51a & 52a) 2 Fmc-8 (43b -~ 44b -
51b 2 52b) > 4rl = - w #7Foe & R4 Kbt ddab-FF M F
S PR E SRR kI AR YR AR E S
5 TRt o % o A R Y B 43ab b il AR b & 2k B 3] S
BRI~ 3+ blab 2 52a,b s Hp A% FEILIF ¥ B RiE (TR

i B 2 1 RS R < ) a BT B Ak .

n=1,
n=1,43a n=1,44a n=1,R' = Nap 49a (46%) R1iH,|32=azo,51a
n=2,43b n =2, 44b R'=Pb 50a (48%) R =R, = azo, 52a

n=2,
R1 = H, R2 = azo, 51b
R1 = R2 = azo, 52b

azo = 7N“NON02
W= -1tw >4 43ab¥= 44ab - 2 & § 5@> 45 5lab > 52ab -
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32 & &Kk

AP E AR ARE AN B2 2N Ble ror o g A - 4 AR
DEG =4 TEG e FH #3437 ¥k 51 £ 4 38ab -
P %Y - sl e § eteg it (tetrahydropyranyl ethers, THP) &£ » {8
Flit &4 39abe s BEAT I 39ab LasiEE Y B LR o
2 {841 BA EUxT ASr 40 22 39ab fdk 1 AE TR 7 SN2 BN
Pl BPEHRIEEY 3Rk LB HT FRME T @ L
Aoab s (FERESHPL XNE A2 - o deNBlZ B e

% 42ab 7 t-BuOK 2 DMF # 82541 & fis o ¥ 18 T4 et 4
B engEF i 43ab5 & NaH & DMF R 8 2J4F - 28 - i i e = 47
VEN A el SR AL g AR g B S EUG T RS F 4dab £
SEGEREI o R EEE X LSRN LM E R i
i+ % wm*ﬁq@;%%i?ﬂ 43a,b 5 ¥ ZEenit £ 4 49a,b 27 50a,b - ¥
o A EEB-t e Aab Wi Al A EREF B R T

FGEN A ERNE g it & F blab & 52ab s 4rit Bl Ay
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/‘6\ /j—\ [C)] /‘6\ /j—\ (b) /‘6\ /j’\
HO \ O ) OH — > HO \ 0/ oTs — > THPO \ O / OTs
n n n

n=1, DEG n =1, 38a (50%) n =1, 39a (85%)
n=2,TEG n =2, 38b (50%) n =2, 39b (85%)

n=1,41a (81%)
n =2, 41b (80%)

32



n =1, R = Nap 49a (46%)
R'=Ph 50a (48%)

1, 44a (25%)
2, 44b (20%)

(a) calix[4]arene, t-BuOK, DMF, 80°C, 1 d. (b) p-nitrobenzenediazonium fluoborate, THF,
pyridine, 0°C, 3 h. (c) calix[4]arene, t-BuOK, toluene, 80°C, 1 d. (d) calix[4]arene, NaH, DMF,
80°C, 1 d. (e) 47 or 48, t-BuOK, CH43CN, 80°C.

FWe it &4 42ab 3 52ab 2 & A AR o
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33 HH° ¥AMAS - YH3Ba 2B £ B2 E "

TsCl, Ag,0, CH,Cl,,
HO(O)OH =Ho( )OTs
n

rt, 1d, 50%
n=1, DEG n—1,38a(53%)
n=2, TEG n =2, 38b (60%)

AW CEHT FAMARN 38382 & A o P

#DEG® TEG ¥ - % 2 4zsa3 845 5 0°C T4 ¥ L4215

)

PE (R kb R)BEHY ¥R A% (4-toluenesulfonyl chloride,
TSCNIL ERozthws|zBF RLX (ARE R IEH)TLC & 12
AR & AR A A F R R T E KB R g
S F Ptk e R ARiR FRRSEIS L R A T2 B (2 e
/e ph e fig > 38ai viv=2:1 3] 1/2 5 38b: viv.=3:1) B3P iR
38a’ A F 5 53%;38b: & F 5 60% -

PF AR iR R ok 2 e Be e Ay (VIV) 5 Ll pEAsd

44
=]

P RE R PRT RS Fhd BEMEREAT ST IR

W FE A A ARER I EBR AR A o

34


http://en.wikipedia.org/wiki/4-Toluenesulfonyl_chloride

34 BHY FRAMASN-Erins - 430 = 430 25

. 33b
£ %

(\.

DHP, PPTs, CH,Cl,,
HO ots > THPG oTs

rt, 4 h, 85%
1, 38a n=1,39%a (85%)
2,38b n =2, 39b (85%)

NES o HHY F A B N8 etrh 53892 22 39 2 & A o P

S—

Bt £4» 38a (s« 38h) jAa* = & P =¥ > e x 3F E 34--
@ -2H-»+vwm (3,4-dihydro-2H-pyran, DHP) > it & 1 4-7 2L 5 5 fart
rZ_ (pyridinium p-toluenesulfonate > PPTS) # 2B F & & 4 |+ » 11
TLC #rgsndcdetr F G2 & c B4 = F 7 =8 R5B- o jafhs 84
R @R EREL AR R R 2 K B iR g AT 1 (e
2 fig > 39aiviv=1:1;3viv=31) TE @D R w g oeben il
(tetrahydropyranyl ethers, THP) %z erf ¢ kit &£ 4» 39a &2 39b> &

F19% 85% -

35



35 T AFH THRHCEIMAT R fo 402 £

K,COg3,Prl, CH;CN,

reflux, 1d
OH OHo|-| HO

40 (70%)

FW-  TRHEEPRRATRLESF 402 8 S

- h A F SR E - 98 123 G2 v gt g ot 7 KCO;
iThk o #dx 7 A S e % (acetonitrile) ® 22 K,CO5 (10 % &) 4o 44
T T70°CF 24 [ (FRE S & Righ)oF S & (883 H Pz
o F Rl ke FE B el Bk A KAR AR R g T C
Mz Blrg v i (viv=14) R RR T ED G 4 kit L 440

A5 5 7006 °

36 P THHEEARE - BER-BL L4 dlabz a2 ¥

1) 39a or 39b, NaH, THF,

Y

2) PTSA, EtOH, rt, 2 h

40

‘\‘m’\‘—r"a{ﬁ"“%ﬁﬁij\%%\ ﬁgﬂ @#;,,413"[31@:,\;031,34
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BitEF 40 i &P 39 F oF T~ mEoRahw i ovdy
(tetrahydrofuran, THF) # 23 it4 6 3 &) A B> ¥ Fie R~
HF G R BAY o A FARC LS A0 B E AT
FR- BB Bk ¢ RiFf o 21803 >33 5g% THE @ it &
39 i 12 ] pF o 12 TLC P ArsnF BRaiE- ARt {E v v
EApE A 7?%% THF »u = & ® %222 36%@A-Kamr 5P e Ak
VL KR e R T Fh i o 7 P OTHP et 5 4 ki
B o ALE A RGBS EAFARAS 0 BB R
T4 ko B 1Y ?ﬁ}é] rih it (& e *=/e pee fgoviv=12:1 3] 8:1) -

BRI THBEAE REFASHRZRZ IS B R0 F FIT
10-20% 3= 45 A & Jis o F)@t TLC 3 FBam 3 s g 2 £4240 5 ¢
LN S

2 15 BT EFFE K &4 (p-TSOH - H,0, 0,05 % £) 22
feP 2R TF R4 PR wEETHP & % o F Fxis4c~ 1 N
i F CAORBIRMELFERETF 6 F K e 2 (51 RRIRGEH

‘,f z ﬁjﬁ_ » 1l -z @ J%fj\jj‘p\ s vI’(g%’ﬁ ﬁ&% o ﬁ}\ﬁﬁgéﬂl‘ﬂffj‘@ffé

4
=
S
()

co M E kB (2 m/e e firoviv=213] 1) wF
FFE P EMRF D L 4lad 4lb o A S 4 W 5 81%% 80% o

R g mde it S 4lb pE oo d YA st 39b ¥ 41b s
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Mrirs RGBS o FP LB OTHP Fifhen? B v g 1 R

13:1) Fii7d iRE > A F

"V

Jrs i (Fezfe e figoviv=417F

itv ¥ 5]41b -

37 THHPEIRA-FER —BHYAFTHERM 5 42abr & o

31, 34

TsCl, cat. DMAP, NEts,

—
y o

CH,Cl, rt,; 4 h, 90%

a
b (90%)

AW THECEARA- R D BEHY AFERL LS 42ab

5 gg\' <>31,34

~

# 4la B 5 FF 1 TCl > 0.05 % & o 4= 7 H et g

S

(4-dimethyl-aminopyriding, DMPA) “*t ~ FI/&A %> =% #
24 EZ ok AR
MoE R R AT (2 e fRe figc42aiviv=4:1542b:viv=3:1) >

TV D EFEP R, D B 42a 8 4200 A K395 90% o
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3711 &4 42ab 2 'H NMR % 3# & S &%

OTs

J}L .JL IM
7.6 7.0 4.6 4.0 34 2.8 22 1.6 1.0

W= LT it &4 4285 H-NMR 274 L3 §) - (400 MHz > 3 #) %

CDCl;» * 5 CHCl;3 ¢ )

M8 e 428 e H PR A B KRB MY F A L R -
I (%F'3@ 15) W= -1 ¢ 7.28 4 7.77 ppm 1 @ BFIE P40 5§
BAY FHRaEAE (2 OTs £ 7)) 2.4 ppm cnE 3 Bl 2 %7 /A
Fofagmgl (M OTS &9 ) 237 ~42ppM % e 2 5 €95 5
ZHEE L e B-OCH),CH,-ei 5 > 2. 3.7ppmen? €% P R4 F- 8
H, f fiidh ¢-OCH,CH,CH3 #7731 35> B3t 4% A % 8o @ 3.08 £7 4.31 ppm
G Hed o B 5 ¥ R eE > T 0 b & F ik 5 125 Hz &
F o

A ¥ 45 A7 d DEPTNMR k#2870 7 %4 2% % 121

39



P LM o fit & 3 428 ch DEPT NMR %23 ¢ (4% % 8] 16)

7 30.9 ppm - 9= Bp il gL 0 P 42a F_cone f57) 0 42b i@ *
Ffken™ V28 (LY@ 18 24 /® 19) - m cone HA)* ?;«;’gé SRR
Ar-H H 4% chit B = £ k2% cone £ B4 oF A6 2 0.1~03
ppm z_ & » £ 32 8 cone 7 0 & lppm = + PF 0 & ot 5 4z d hcone
17 (flattened cone) - f i € 4= 423 # Adye » 0.199 - 42b 5 0.1 7]

25 LB Econe ) e

3.8 THEP-HOSRUKMES FRRI L4 48ab L £ T

t-BuOK, DMF

70°C, 2d i i
n=1,42a n=1, 43a (35-50%)
n=2,42b n =2, 43b (30-48%)

NEL A R S SR S 4 433 2 43D 2 & A o 131608

i &4 43ab & ddab g AR 2 AHE LEL Ak D

§ 1.2.3 /] & ¢ #¢ 4 % ¢0 Shinkai™ ' Pappalardo’’ 2 Reinhoudt'® e%=

TR AHY Y BE WL S FEdded A o A0 ? 38539 &
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AN EREFTLF R

Yield (%)
Cpd Base  Solvent T°C

43a 43b 44a 44b

t-BuOK DMF  80°C  30-50 - 0 -
42a t-BuOK Toluene 80°C 20 - 0 -

NaH’ DMF  90°C - 25 -

t-BuOK DMF = 80°C | 35-48 - 0
42b

NaH’ DMF  90°C = . 20

#4723k 7 FRde(t-BUOK, potassium tert-butoxide) s4 3 & t*
1:5 @R ? AT Aese (dimethylformamide » DMF) ® &% 8
FREL P2 (o k3 gk DMFAZait £ 4 422 (0.95 § &) L
»ERFL A A : TORFBEL X o X TLC #rrind2ar BRisTr
Bl ko 0B SR BIREA % DMF, 502 = § 7 %z 36%R K
B EB kG A LR R SR B T 0 AL
@i (& e Y=o pae fig »43a:viv =251 3 20:1 ; 43b: v/iv =12:1 3|
8/1)> T iB T v ¢ B g -4 BN g 1 43a0 A & 5 35-50%:
43b A F H_30-48% @ 2t F ek ARG K 20% K F s 4r

drpt F s F R R E B ER A 001 M 1T
LA I RE R b ZEREER AN RBR2 4 24
JPE e Tl ATER T E Ay A 6 AR BUR M B R G T ko ;‘%fz"ﬂl",f "k 2z
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FRETEFEEAF T PAEF BRI EHMAT o

381THH-HEFREF I 43ab 2 'H NMR L8 S F 2
B dr 43ad v T S RE B B B G SRR
'HNMR k32 & IREE I 4oBl = L 2 9tn (%3 % F 20) -
B R0 B 8.22 ppm st FLA T AL Hi e B o A T A S FRIVA
Ao FREHE S AR E 6.74 ¢ 7.15ppm > ASge s 0.4 ppm e @ 7 3R
Ao T odem B F TRA S st 6.96 ¥2 7.06 ppm & e BEE A L] E_F TR
PR H & ¥y s T5Hz @ 6.63 ¥ 6.73 ppm e o= &
W PE Hyo f pgh e H, 0 Hp 22 He 22 v &4 428 #7477 e 50
o m 3.0 ~5.0ppm 2 B by & FEAR S S E B s E Y e
=125Hz ¥ J=129Hz) 75 5|3 &4p 5 8 & s o & °C NMR
k3082 31.2ppm F oA A = g e il (5 MR 21) 0 134k
A enit B 7 riarg e 30.0 ~ 31.0 ppm AT A 47 E ifféf,?“ A e
Foo p ¥ T r d2a R Y R - L 4 PR e g 4309 ppm>
Flo GHEIRmr i v BT AR F IR o & 438 S
WET P AL LT R WP F A SR A e A o iR
FeA T AE R B ESAH T L HBEAER LA

Pt P A BHE R o AR T R i -
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9.0 2 7.4 6.6 4.4 3.6 2.0 1.2

W= L= it &4 43a 2 "H-NMR £ 2 8 +(300 MHz» CDCl;> 25 °C >

+% CHCIy)

3.9 THRMr-HEFRMGR EF AR Mabe £ BT

| /
OH OH OoH HO

|
ijoz NaH (5 eq), DMF
(@) -
ﬁ/ n
Ts

43

80°C,1d 0 OHo HO

T8 >
OO

n=1,5a n=1,9a(25%)

n=2,5b n = 2, 9b (20%)

PN [N e o f:‘:%ﬁﬁ{?}ﬁgﬁ@ B4 ddab 2 & & o 131618

#5472 NaH v 3 B3¢ 15 &% kenDMF ® 63387 F - /]
o 2 8 g gk h DMF A chit & 4 422 (095 § &) i~ 5 &
ot T B0 R F B 1% TLC ¥ /sndlar i Tk Bk o

f%ﬁf,@"%‘?’i‘]ﬂ ’ |1E'ﬁ§;i<3—{{ﬁljéﬁy\ NaH };%% (%—% ' L%; s

?%_
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Fle Fobw)e ME R xR RIRSES G DMF Y £00 2 § 7 8 3.6%
BALKB R E P o foh P T R KRR K iR AT
FAHA TSI (T2 =/e phe fig > 44a:viv =251 44b: viv =10:1 3|
7:1)> wiED G § FR - AamEST i dda A F 5 25% ;

44b & 5 R 20% - @ ot F Je? K AT A5 o1 5 50% 0 Flpt A 5

=t

Ij\ﬁﬁ F %E’jﬂj{fﬂfzﬁ jg";:‘l‘_;%‘; o

391 TR -HESMESHCLFMab2 'H NMR %3
BT

AR 4 AR TR NS i1 44b A F G 12 54x AABC 47 o
Spdr o DR - L = cn'HNMR 3 sitm s (4 % 28)0 % 8.80
ppm e H; 5 > 4F FEg il ani g o B¢ 6.5 ~ 7.0 ppm 2 B4k 5 Hy &
He P ELE R T A>T 3 RAG - By o st Bz (B
) Bt (2 %) et o B L R A T A T ehF R
5. % 6452 646 ppm+ 3 REE H 24357 ¥ k7 A 4 0.822 0.83
ppm » 3 TH¥E > F A EE 5 9o @ 5 A Hy » Hp &2 He e384 3
AR BTG 0 P AT N i BTk e AR AR e
HEEPE T Pk A THPASTEEARANERS £ F

EIRE 0 @i FZ  Hee % o 2 3.0 ~ 5.0 ppm 2 FHE 5 Hy &
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FUELS AR TR s £ ¥ #c i 120~ 180 Hz 2 ¥ rugmdr o X
Aol NSRS E AR T AR T AT AR R LR
D g F Bk i 2145 0 2 "CNMR ¢ (% B 29) 0 Bt
ik e gL 107 22 10.8+235 27 23.6 1 2 77.3 & 77.7 ppm T IRLA 42
FAR T A AR a2 THNMR ® HpHp 22 Hoeha B dedp 2 & o
A OAMGTOA R R LT 13- g 3055 30,9 311 31.4 £ 31.8
ppm > & Bl = = = SN FEEIAR ¢ o d 00 dcdpdp o S -4 D

o N e AT R A BB .

9‘.0‘ | 82 | 74 | 66 v 44 ‘ ‘3‘.6‘ " 20 | ‘1‘.2
W= L= it &4 44b 2. 'H-NMR £ 2 B - (400 MHz > CDCl5 > 25°C >

*5 CHClg) - M6 5 44b P 75 G cniE AR AT -

REETFL 6 3H I FBIFREAFFR R S ook

e

2

K+ ¢ Shinkai > Pappalardo ¥ Reinhoudt #c32 7% % %7 3 = % » &
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ST ATRF Y e E R EE T g (kO o § R chig

= -BUOK PFE 5 A5 1= Frat ik chiE 25 m @ * NaH pFal 2 5

AL o T TR A g MFF B BAF TS e Bk

B ? @ DMF#? ¥F p{ B¥ > Ampl At » 4 5

PB T EAEHY Y D AT SRS e E R

VP oA el 3 feeak 5293 AT T H R B A8 -8 A T P
¥

545 > 43ab e ddab - B¢ L &4 ddab i FH EEF 1 AABH 7

=
o
o

S Sk de 0 % G ARE BT W

=

310" H7 ¥EESH

ARG ¥ 142 ) &9 40 B E R 0 PRy
AT R 0 B P AP A PR E KBS g 5 F IS
BPEEAA LR R BadloTn AP S%E & 200 EH 4 2
Frdp bl e RAR TR G A G AR o T A S e
AR ) S RART > TR T kA B B Bt AR
5 AABC 7B £ ¥ 41 B3| &4 (+) 37 (r Bl =+ #777) -
Tl HPLC #-8 B i & 4 o ™ P 2 S AR T 2 - 2
FEADHF IS RE NSRS R ARE AL TR FE

ERR EIEE S S FN TR
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3101 HF EREIH2P 6

e AABC 25 fienE £ B 2 & Rk hoBlo L o~
T AL FAMEE G FHREFAAS AAHH X1 0 2 (8345 E i
w et A B (chiral auxiliry) (S) ehF sc A B 2 pF#F #3533 5 248
iR # 4 (diastereomers) = (cS, S) & (CR, S)-i fi eh¥ > 47
PRI SABGR P IS R0 A dple o F T A
R RIEEE o Sy SN R R R IR Xt RSP NURVES S A
PP L EEL b T 2 EG AP RO L LY B A RS
o IE RIS LA R Elis4r o

2007 & % . f0 Kalchenko #F & 1 £ g %5-10-4 fie 2

X‘

((S)-(#)-camphor-10-sulfonyl group) = 3 & £+ 2 B < ABHH ‘e i e

M

%45 45a 22 45h (4Bl = 4 #17) o PEFI 7 F (benzene) i @ 2
PR ¥ @D 45a (AR T 98% &% 41%) & g FEr e iz

PR ERPFY (51 45b (B R 2.92% 0 A 3 35%) - 2009 & Kalchenko
#4700 N-(R)-(1-F s ¢ &)z fe"= ((R)-N-(a-phenylethyl)acetamide)
€5 i ot AW ehit & 4 468 2 46D (eBl= L #m) 0 T E flr E
t R 472 - 46a &2 46b H 4 >0 A S8 34 &2 35% ; & 1 * A feoerin R
P8 FiRTEDWHa46a ¥ 46b > & F H_33 27 28% o 2 {5 Bk

BTy A® T F 5 - GRS
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@) NO S ® 1 ®
mgm o, egm ONOONO

B gt At v :
o s i;;in (s, 9) (R, S)

EREAA 2L,
A3 R ABGR S -
VAR G o

¢’
#% O tm'lmﬂ
! ()

ORO.
o

(cS) (cR)

REEA A b o
35 B0E i -

R = -S0O,-(1S)-Camphor
W= +4 > 2 (S)-(+)-camphor-10-sulfonyl k@ i7 5 ¥ {24 82 2L @ e

it & 4 4532 45b o *°

)

ﬁp
11
ORv“

4
[o] (0]
// N\
L\ T
RS T N S
O \H | w0
H3C/kPh Ph)\CH3

46a 46b

W= -+ -1z (R)-N-(a-phenylethyl) acetamide i* 5 ¥ |4 2+ JL B it &
4 46a ¢ 46b o
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3102 H7 ¥HEFHLZ &K

BAGY ? o WY B SR OSSR A
R S R S R R AT A S SRR A B2
Wi p AU ARG T @5 - S e B s o LS

SR d T E S e PRI R EE SR

':B

JULREEAS S A l’r@‘ﬁ’lﬁj@ﬁfﬁfm%—t%xp A R ¥ ﬂ‘]ﬁgﬁ‘% >
o B RSN BAR T H Ay AR N- (S) (- Ak e ) e feren g
xchF A e BE - WAGREEF R T I o T

P 3 A R H eng o @ £ BRI e 5N ]

st §

n=1,42a n=1,43a (50%) n=1, R=Nap 49a (46%)
=2,42b n=2,43b (30%) R=Ph 50a (48%)

(a) calix[4]arene. t-BuOK, DMF, 70°C, 2 d; (b) (S)-N-(a-naphthylethyl)chloroacetamide,

t-BuOK. CH3CN, 80°C, 6 h; (c) (S)-N-(a-phenylethyl)chloroacetamide, t-BuOK. CH3CN,
80°C, 6 h.

AW~ FG EEES 47 49a 8 50a 0 s S, 3 o
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3103 2-%-N-(S)-(I-¥/52 f)e fadmit £ 472 482 £ & %

o

H,N.__,CH C'QJ\Q o
Y > CIQK /L
R EtsN, CH,Cl,, 0°C, 70% N7 R

R = Nap, 47 (82%)
R = Pb, 48 (83%)

AFLE 2-5 N-(S)(L-F/F ¢ Ao fipied7 ¢ 48 2 L

¢ A% (2-chloroacetyl chloride) 7+ » -
¥ f hgEsELY o R~ 14 £ (5)-1-(1-2 A)e=-5% &

b WT L 20 0 1 TLC Pristdcdid £ B2 o 0= § 7

‘»:-E
SRS = AN TSR T F U YU NS SRR
BE b E:’P? IE’,

Fv ¢ BRI L AT A F 4 820648 £ iEt4p e

3104 EXFSMEREN- (S) (- Fhe )2 gren &4 50a 2
gé‘ 37

lERBESHC L 43 2 F Bt BUOKé,__'{E‘yj(ﬁ—;agﬁia,t
BT

ViR };},;l_?_;l]p:“’: F))@;‘,Lnglkb/%

feak

Z_f6 A~ 09 F &3 3e e
it £ 48 4 B2 T0°CF 301 B (F eff ¢ iRt AR ) -
2 TLC % ”ILL‘«fﬂAerjﬁ;‘fi‘}?{""?%'fﬁ@’j&_bsgﬁxfou-

E\'— LY
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oOHo

n=1,43a n =1, 50a (48%)
n=2,43b

AWt I FEE R N(S)-(I-F e A)e et & 4 50a

$150bz £ o ¥

7= 36%BFEAKBRITE o el G kT ﬁ]xfﬁ’xi%"f K il
TR Eg o L E AT (e =/e ke fig o vIV=5:1) ) TE TG
¢ ARt £ 50ar A F 5 48% - 3t & -8 +h50b & i d
ko AFE 47% 0

&4 50a - F TR/ (VIv=L14) ¢ LD ESREP SR o
PR Xoray S MR 1T RS o A o aE w6 B 45 0 partial

cone 1) «hH fipiiit £ - 50a e

3.104.1 1 &4 50a 2. X L6t H 5 BHA 7
IS A BTN G BT AR b
NMR 563 + 7.0 ~ 9.0 ppm 204 JBLAF 3 > 30 547 2 45304 82 ik

e HNMR 63 F3usi s £ 7 2 03U L2 8742) - Bl F 38
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d Bl= Lt - 7S a0t e & partial cone #4) > d 3%
N-(R)-(1-¥ #h ¢ A)e fiplecnz Migas i 7 - PR & t-BuOK
% DMF # ¥ 2 34 - AR TR e S 47 o R @ 14 & 47 50a «hie ji &
238 AREEE 0 A TEE I o T BRI T
Do AR T AE T REIRIGFRE T TFINA S HIFRE o 7 o

B_‘]"_; E B A Ly A 7
~ FhREGM G BRE TR LAY A RS IR Y R

./ I}
¢ A

-y
e

L

1]

"lb'

I

1 50a 2. X L Sest 8 & 1MW

52



311 HAAFrimBgEiR2ss®

/©/NH2 HBF,, NaNO, QN} BF,
O,N O,N

2! OOC, 2

p-nitrobenzenediazonium
tetreafluoroborate

AR CHAATr AR EF B2 L o

B 4-pl L F 032 25% 4, #2pc (borofluoric acid » HBF,) ¢ >
Bep ks R 0°Co 2 fe s F » gtk ® a4 (sodium
nitrite > NaNO,,) » T-%-0°C T 3+ 2 | pr > & 43k z & BRI - 2
(6P g T pRT EREI R BV RS 2 F ¢ R S0 AL K E B o

folkfe R kda > AFLT0%

312 1 4§ He-HESpfd T e ait £ Slab &

52a,b 2. & & 4

¥ F 3 i 43 &2 A A Fr iompd §oB

»

(p-nitrobenzenediazonium tetrafluoroborate) /2 & » 4c » /k THF 435
3 o Pk 4e » pketeg (pyridine) Fedc B O B IRAERF IR I o B
0°CTF 3 [ Medter 4 M BE-KBRY FF R B3R THE

30 & 48 o 2§81 RIRSEA S THE & pyridine - £2 CH,Clp & 3 i -k

BIRFP o PG WA N ERFIRRE TR W TR g A
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ik (e xfe e fg o viv=15:13]81) ¥ (FI 5 ¢ 4 & Sla
52a - 51b £ 52b thF Jg# BAR I > AR R K AT (2 2 /e
fet fig o viv=12:1 3] 6:1)> ¥ 7 3|5 ¢ % % 51b £ 52b- §]* CH,Cl,

—'flj CH3OH l{ti‘/ﬁ—r -FL l"\:’]: BV HEH I = g ‘2’-2 24 ﬁ"l';P‘ e “?.%Z °

-
/©/N2

BF,

O,N 4

2

THF, pyridine,

0°C,4h

R4 =R, = azo, 51a (26%)
R =H, Ry =azo, 52a (42%)

n=2,
R{ =R, = azo, 51b (15%)
R =H, R, = azo, 52b (50%)

azo =—N,
o

FWL AL G A e e SRS 2§ Blab fo T

52ab 2z & & %

BEBE?P > 2R FEOHAATe L AREF BT L EF I

ot et s BBk Bk fy § ¥ it 44 5lag 52ac 4 b f B
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24~ b A3amF L F RERHATL .

THF  Pyridine Diazonium A% (%)’

Entry

(ML) (mb)  salt(ed) =)o 512 s0m
1 3 05 4 35 51 6
2 4 1 20 .26 42

AFEAFRA A D E L A E e

3121 Ew§fHi-HeSmpESHL £$ 5la e 52a 2 'H NMR
RS RET
&4 blar Slb >tf L B 4FH 8 § L & & F "

i€ %2 F s e tH NMR % 5# ¢ de = & = 67 (53 B384 42) -

HAMHE He 5 5 T 43 g Lamist © 6.5 ~ 7.0 ppm 2 & =1 Hy
B HEART AT FTRAE . Hepar i i St B (%)
B (ZE8) dris o AR AT R PE Bt 54 44b - o
51b i 7 A e Hg? H, 7 6.44 22 6.45 ppm 5 & 1R H 4% ; Ak ™

370822083 ppms £AHEE - FoE L s 9 pEAaa
HoHo¥2 Ho— #3 A B 28 e ehil % - 3P i34 8 % § ¢H 5lab »

ERFHFDEFEREERKT AT A B D TR B
51a :1"°C NMR % 3¥ (%% *f 8] 39 &2 44) 30.0 ~32.0 ppm ¥ 5 & = 1
- R eTUEL 1309312 82 31.3ppm o T F = 84 %4 (51b

kPRI TR ARLARE AR ) T Bl L2 LR G
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M
-
3
=
By
¢
=4

AR R AT A B RIREDER A

BB RATHAR AR AN ALE AT d BN AL R
A A AR CE DS Fl kg = BRI

B 157 1% HMQC NMR sk #2% 'H ¥ °C NMR %3 F o255 o

% HHMQCNMR 3¢ (%4 ' H 40 &2 45) hi -pk i & 35t

867666 4232 14
W=-L1- it 24 5la 51b 2 "HNMR 3 B - (400 MHz> CDCl; >

25°C » * 5 CHCly)
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v heBlz L w (F) #FF o @ dvHyo Hyo Ho 5o il st °C
NMR *® 10.7 & 10.8 ppm &L 5% H, % & » 7 4 % -OCH;CH,CH;
28 1234~ 235 ppmaEt BLEr Hy g & > % -OCH,CH,CH3 &2t 55 ;

77.8 77,9 ppm L 8582 H, % & % -OCH,CH,CHy c731 5 -

31220 B® § HE-HEFRES 45202 HNMR & # 2
HEL
gt g 47 Blan. it & 4 52b H $Hfen B4k o *H NMR % 3%+

RGBT F (5 W 49) o P AR B 52b ¢
P (Hao Hoo Ho) > 5528 (Hi) snit B £ - e Fle 75 -
2 NMR S o @ FHF A HgE He 547 A5 Fh5 » 7.06
ppm g 5 34 bR e 5L 6.82 ppm sz £ 5 ¥ i g
5.0 7.83 ppm A % F FHE o FARINA Hys T ES IG5 3

Fp i & e EE - 3.12 22 434 ppm ihd e g 4p s i & (I =125 Hz) -
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E— (ole]

46 40 34 28 22 16 10
B=-1w -t 24 5la 0 2D HMQC Lz > Bl (1) & k022

(T) - (CDCl; » 25°C » 400 MHz for *H » and 100 MHz for **C NMR)
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3.57 &2 450 ppm i g Ap 3 % & (J = 13.0 Hz) 5 °C NMR sk 3

P4 AR £4 5lav ?ﬂf#ﬁﬁ‘év’vgmﬁi (%% %t 50) -

5.0 é.S é.O 7‘.5 7‘.0 6.5 | 44 | 3‘.8‘ ‘ 3‘.2‘ | 1‘.8‘ ‘ 1‘.2‘
W=-L7 it &% 52b2 'HNMR %3 £ %3 § (400 MHz>CDCl;>

25°Ci» % % CHCly)

313 Zpiiag B il % fh-w Rk kARSI

-0 RGBS EE B ERAFERN S AT E
Bdr¥te £ A hBmE § B34 5laber 52a,b i 7 & oh-v Bk sk
NPT e i T sk SR ek RR B £ BB EE o
LT @ S o d Ati &4 5lab ¥ 52ab Az i AT E G0
4773 (soda-lime glass) th A¥g® PF > Bpd "g R L FE S > AR
eI Y AR NaBS R o T T FERATR F S o
VEREE F- R % R
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3131 & F F@E>4r Slab £ 52ab 538 jj k thdkc2 Bl T
FI*RIEA RFIRREZ M EP i -7 LRk ¥R

Beer-Lambert Law (54 - ) > #- < s fid L 22 TR HIER (TH (4o

Bl= = #77) R85 Bk %¥c ¢ (molar extinction coefficient) »

BB 4od L oo

A=exbxc N -

A: =z & (absorbance)
€: % A jj -k % #c (molar extinction coefficient)
b: kAEE £ (length)

C: AR (concentration)

£ L it &% 5labe? 52ab 2 B B o B E 0 v e (73

F i) o
Compound - Xoa (MM) & (M 'cm™)
5la 404 2.39 x 10°
52a 402 451 x 10*
51b 403 2.69 x 10°
52b 402 4.92 x 10°

d 4 LTSI AR § PSR 4 52a 8 52b chE B e th
B E g H s § B ¥ 5la  5lb hd B o mp B g (Rl

Wy L
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(b)

0.7
0.61
0.51
0.41
0.31
0.21
0.1
0.0
. - , 011~ . . .
300 400 500 600 700 0.0 1.0x10° 2.0x10° 3.0x10°

Wavelength (nm) [7a]

(c) (d) .

~
QD
=

y = 23855x-0.0023
R’ = 0.9995

Absorbance
Absorbance at 404 nm

£ 0.8J
c
S
) g 0.6+
9 =
8 g 0.41
8 c
¥e) 3 0.2
2 g-0. y = 45091 - 0.0139
§ 0.04 R*=0.9995
_ , . . —
300 400 500600 . 700 0N 1.0x10 2.0x10
[8a]

(€) ()

g 081
=
S 06
[0] <
e ®
8 g 04
9 = = e
2 8 02 y =26894x - 0.0110
< 5 R’ = 0.9996
< 0.0-
300 400 500 600 700 0.0  1.0x10° 2.0x10° 3.0x10°
Wavelength (nm) [7b]
1.2
g 1.0
[«
§ % 0.8
£ % 06
o @
§ § 041 y = 49243 - 0.0157
£ 029 R®=0.9996
! S & 0.01
N T T —T 1 < T T T
300 400 500 600 700 0.0 1.0x10° 2.0x10°
Wavelength (nm) 8b]

=12+t &% 5la(a) (b) ~ 52a (b) (c) ~ 51b (e) () £ 52b (g) (h)

SRR B2 KT AR FEERFRTEZRESR (BH &
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3.14 P ARETHEIRRAS RIS FRERIZAY

BA G JI* R § SRS blab & 52ab 4w - ok Z s

e 2 BORE L B EMW (Rl - o) BiTAN EE O A
AR E LR g ¢ 4o r 0.5% pTSA e &3 3 > &7 % k-7

R RFDER o APFIRT AT S M6 & FRE i g 4
Slab £ 52ab e # 7 ¥ iz — TG Lppd M K h-w ALk
WA PR e e~ 0.5% pTSA Epe{hif & o @ Mif L%

é:%‘ﬁzlai\‘fé ’ f’b,l”ﬁ ﬁ'—l Fl’; &P ;R}?‘ ’k\-"gl _]_/\h,_r_l_ .

~_NHz /\/\/\NH2 \/H\/ (Hj
1, n-ethanamine 5, n-heptylamine 8, diethylamine 11, pipyridine
NH, H H
_~_NH, g AN N,
2, n-propylamine 6, benzylamine 9, dipropylamine 12, diethyl triamine
/\/\NHZ o

3, n-butylamine

NH OO N )
N ~o~ N~

SN~
4, n-pentylamine 7, (S)-naphthyl ethylamine 10, dibutylamine 13, triethylamine

W=+~ ByFRs=igidle 2 S~ LS AL

3141 BE FRETHF I BRA ST HIRELSI BRI HE
FCLAL |} 80 2 pecni] s 7 00 F 410 $RTA S 5§ PRk
A 1,3-F R 0 BB I P 18 R K B REEA 3

Bd HiTo 22007 & KIm# £° > THEH © Bk hs i 5/ &
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~
QD
=
~—~
O
~

—— Free

Absorbance

Absorbance
OO000000000 ===
WO-_2NWRARUIONOOO =N

00 400 500 600 700 300 400 500 600 700
Wavelength (nm) wavelength (nm)

~
O
~
~
o
~

0.6, —— free 067 — Free
:; )"max = 402 nm : Free + acid
0.5 __ 3 0.5 | —2
! ‘A g —3
04 74 -
8 — 8
c C
g 0.3 — 5
2 - g
2 021 =10 g
0.1 -
00] , : — = : —r—
300 400 500 600 700 300 400 500 600 700
Wavelength (nm) Wavelength (nm)

W= A 24 5la(a)-52a(b) - 51b (c) £ 52b (d) (10 uM) 4 »
vekT 2 A8 (10 mM) e oh -7 Bk k2E o (a) =~ (0) A Al s 4 7 0 (d)

i Al 5 & #£2.0.5% pTSA -

24T G HB N AL 27 B - gy £ pF logKa 4p £ 7 0.5
2t oo mm T PN 6 MRS ek a4 > W ARRE S 1Y

oo
.l

NS

A

Flp k2 ¢ 151ab 87 52ab HRA T L F SRR AT A
Bd 0tk AE T Gna B EE B2 2 MIEmEeE & e 3

A e B ARG FE B E D {82 @R A+ IRNH, &2 Ju
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315 BEFEMEIHFIRRAIHEBET HEL S 2R
Fho T mF FEET A YRR (LT Na K a2
Y (Mgz+ Ca - Ba2+) 2 3@/}§$ (Ag e~ Cd¥ ~ Co%* ~ CU2* -
Hg® ~Ni®*~Pb*4e Zn*) % - 7 #:B 4§ fe B 2T & 74~ 635 >
RE A g (viv=99:1) P oiEFE h-T A kg hE ] o

Lo &
A

B ARRE TR SRS B S R TR (M) RBEF D
4 o2 5la i 60 £_404 nm FE =44 7] 392 nm e gLt £ $ 5la,b
2 52ab4r »iEE £ BT e h-T R REFR L IR 4ok L -
AEIR B E B F A &4 5ladfe5lb A4 » CrTE CUP
o RREIAAFIRIHE > KT LRKEFI R =
(bathochromic shift) R % » #8m 374 = 2 e gl Tk T B iV & 14
W 17% (e i@ 0.1 2 2)s deBl= L4 (@)~ (D) #F7 o @ 24 I
B F AB £ 4 52a ¥ &R EF N h-v Lk kicRlz L4 B
=14 (©) ftr » PO* 33 14 4 518 nm 2 & FTerws ot > R R B ¢
Tuld kE RS LIRS AR F 4o Ca¥PF > A501nm A &

ATESCE BRI R A - R A B2ast Cal g chR AR R
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Mo EHER 12 [ PEA §AETEET o 1 &4 52D fde » POTHES 5
510 nm # S AT TE > Bk 2Tl KF F R LIRS F b

~ Ca’" ~ Ba?'¢r Cri'p 4 w) & 501 ~ 485 ¥2 485 nm 4 = #7ermx fgif o

77 d %éfgg »AeBl= L4 (d) Ao e
BRI ERET A FEDE S PR ER § AR PSR

B>t &4 52afr 52b # 2 4nH 18 F ZL B x4 5la {- 51b

B &4 B0 2 H P Cati s £ MRS B -

316 m§ wmESH S2abi s R P eCBELFY
Ed AN GEEEF R FAA AL LC /5 (vVv=99:1) PF
% § B 520 52b 5t Bk 4 PO ik 4 4 Caltyp s
FEE R hpEd R T AR Y PR o F T I &
oh-T R ki RBE R & ho 3 k3t H 52a & 52b 4t Pb¥'er Ca’tap
G ks & Hoo Tk 3 PR E JRF T B T RIF

AR L SRS TR Sl 8 R
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Absorbance

—— Free
0.3 —Ag’
=398 nm e
/’\ cr* ——cCa”
=397 nm, 485 nm ——Cd"
, 02 I~ —co
= ¥\ C”b e
8 \ .. =399nm,485nm -~ -Cu
2 0.1 : Ho
a e
< — L
g
0.0 a
T T T T 1 * T T T T 1 2+
300 400 500 600  700___ = 300 400 500 600 700 Y,
Wavelength (nm) d Wavelength (nm)
(c) (d)
— Free _ 397 2+ —— Free
Fpgy = 394 0 A9 0.6+ Ay = 397 0 r =475,510nm _ _ g
0.5 - e oa®
Ca 0.5 '-‘/C 2 oo
2+ b —cd' /A . a D
04 M T 0.4 \ < 1 =471,501nm—co
3 ——.cr 8 | l’ \ Crz‘
g 03 Ca” 4 =502 nm (i g 0.3 < /( B —cu
8 \ 2 max ot 8 p “w ¥ —— Hg”
2 o . —Hg e o :
§ 0.2 - / /‘/ cr A =903 MM K § 0.2+ 0. 2 hy = 485 0m — E‘
0.1 / “Cu'a  =506nm :gz, 01l l\ cr* —— Mg™
o =485 Nm — Nﬁ*
0.0 . _ Ni 0.0 — o
. : ‘ ‘ 2 : , ‘ : -
400 500 600 700~ ~ ;: 300 400 500 600 700 e
Wavelength (nm) Wavelength (nm)

W=-=L4 ~ 1t &% 5la(a) -~ 51b (b) ~ 52a (c) £ 52b (d) (10 pM) + »
I5#E%HES (104 8) 2% -7 LREEPICB - 3HEZe %z

7 (viv=99:1) -

3.16.1 BB § TR > 52a,0 $ & HAES chk oh-T R kF 2k
& 52a (10 pM) % Pb¥ g fe & v Rk kg 2 A %7 o ¥

Pb*"d 0.1 % 8 &b 4 7] 100 4 £ F¥ > & 518 nm 2 £ - @ Freen o

£

W o @ At 394 nm e P B R GBE 0 2 433nm § - B
Bl 4ol L #0570 52a % Pb® a3 ~52b ¥ Ca® a5 &7 52b ¥ Pb*

B e h-v L RF R AR - Fle L2 o BR& LR
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%L - i gA 3 Slab 52ab (10 puM) e #/F & (VIV=99:1) ¥ B 7 g BB & R R4E & et 4 chk o)

k-7 Rk kAR Tk £ AT A o

Amaxs Metla-induced new absorption band (Ama/nm)
o nm Li* Na K. Mg* Ca® Ba” Cr’f €o* Ni¥" cu* Zn* Pb*™ Ag" Cd* Hg*
5la 392 - - - [ - - 483% - : 486° - A ; ] ]
52a 394 - - - e 502 - 503° - - 506¢ - 518 - - -
51b 398 - - - A - ; 485° - - 485" - - ; - -
52b 395 - - - - 5019 4859 485 - - - i 510° - -

P Ao 397 nme A Bz A D 396 nme® A B it 2 393 nmeta & e 1 392nme°® 1 & T 3 397 nm o
TiZwfces 309nme 93 & qe =B X 397.0m o P Mhoomplex T e 3+ 0,06« "Bk m P B o

67



72 1:1 3 542 &5 p) ¥ £ * Benisi-Hildebrand Plot* % 441 & # #% >

Yo D AT 0 RS B & RS R R R S

1/AA = 1/AAq + 1/(AAs: x Ki x [Guest]) =

Mk ST £ B fic (VAA) ¥4 ch s Bk
&ﬁﬁﬁiwmwﬂ)ﬁ@’ﬁ@ﬁﬁ%ﬁﬁﬁﬁﬁﬁwﬁﬂﬁ &
Wrles & Vi Koo @ AAG 5 e~ £ BIF 3 £ 3]Gy B
ST mg i B o ST B a152,b %t Ph¥ e Caiengs & B K, ~ B
YT BE Aiso 22 ¥ 8 N eds & F #ic logK, B3 e & L = o

1454 7 & £ = ©52a 7 52b § Pb*' 8 Ca®' 3+ 45 & Hdic &
B s L s ke S B F sk s iika il < | $t P Ca®t
BT GEE AL A R o L S R-6 52a-Pb?T (1.14 x 10° M) ¢ B
-8 52b-Pb** (1.09 x 10*M™) =45 & ¥ Bt F@-6 52a-Ca”* (2.60 x 10°
M?) ¢ Z@:-8 52b-Ca®* (6.14 x 10° M™Y) &~ » ¥ Juplin § X1 =
it 52a,b 4 Pb™ esg £ 50 4 L 3 Ca¥ i3 45 o ¥ - A6 52a-Pb?
chig £ Bot B -8 520-Pb* X ST ELP BRhIVF 4 o € BB
Pb> 4% & et 4 o gt 7 U ETE -6 ¥ POT AT sk & vk 1t B
-84 o % = o -8 520-Ca’' s B -6 52a-Ca” engh & ¥ Ko 307

- = 2, 2 2L 2
TR BN RHEEE AR T H Ca R s f i R
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EERA WA FH LT R BRI SRS S S
WRL LT E G I (D) B BESEIGF R HE ] (2 TR
GBS (4R 14)5(3) AR e A Bep &2 WA (4) B
F e (5) AR e~k (75 ~F 2F8)od 301 & 4 52a £ 52b

FIVF A F e B At

&= »
o

cER AT E L (L) S BRI R
AR ¥+ B (3) FrRlafe A p & 2 B e

§ AP ERCI RS SO R SR A s e
fics ARL o & ZA-6-52a-Pb®" (1.14 x 10° MY) 22 Z-f-8 52b-Pb®* (1.09
x 105 M™) ea & Bt e ? 0 2 I EE-6 52a 17 RS P
gy A0 B -8 52b g o av Ad 3 PbPERS oS L (119 A)M
BRI RGP R K ) B -8 [Tt 0 4TI B -6 52a-Ph”
g gy £ f Bt B -8 52b-Pb* 4 o fA @ 52b 4t Pb¥ @S mj 7 &
ks £k o

# Ca”'yr 3 »52b-Ca” (6.14 x 10° M™) #2 52a-Ca®* (2.60 x 10° M™)

S SUEE SR AE T L 1Ry &
BEPFZTERIDIEFEF RAEFE - B rkEng Tt fE
ToRREFHCART FAARM SHNEE T A Ad 3 Ca T

Lz (100 B)" & o sitp e o v prap P Y -6 chatip P (222,60 ~
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320 A> YA LERURI T Y 0 SR Y A F T e
M TR Dk Fe R - e R < o Bt CaTTRE T s B 4
52a 1 52b 4 & ek yRp A 0 4 & ¥ ] o f PEY TG AR R
chidg e m 2 B8 Ca’ 4T chJob Plote 24 m f h-7 L k¥ gk
¢ A B 4 15 B A ol £ 2 0 Benesi-Hildebrand Plot i3 * 5t
AR A Ll A & cho e L AR E ) R? % 0.98 ~ 0.99 s
PEBE (o FIURA A A v AR )87 B B Ea Yk sa62a £ 52b & &

B+ Pb2er Ca®lers £t 6] 5 1l

£ L=~ it £ J 52a £ 52b ¥ Pb** - Ca™ ek & ¥ #cyr 3 fc gt (R

LoaFle %% 5 (viv=1:99) at 25°C) -

Compound  M™ Amax (NM)? Ka(M™")  logK, Ais (NM)

52a Pb*™ 394 — 518  1.14x10° 506 433
52a Ca® 394 — 502 2.60x10° 341 425
52b Pb® 393 = 510 1.09x 10* 4.03 433
52b Ca®* 395 — 501 6.14x10° 378 429

= F 7T Amax S & 2 A o
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41

2Lz 15484 Baps s Lo

M+ Ag+ Ba2+ Ca2+ Cd2+ C02+
AR 115 1.35 1.00 0.95 0.74

(A)

M+ Cr3+ Cu2+ Hg2+ K+ Li+
AN 062 0.73 1.02 1.38 0.76

(A)

M* Mg®* Na® Ni* op?" —
CatIZJE)SIZG 0i7a ' y Y -

3.16.2 #i% § SRS 520 ¥ & B33 0 'H NMR jF = %3
U8 47 520 " H-NMR k28 F 2 3 2k % % 4ol L w 9rn o it 2
4 52b fe4e » POX B3 P gad = Tl $ 4 R AR AT R
tABFTFAME(L) ST SaEAH 2084 23 £11.9 ppm
S Hn 3 (2) R T2 He 2 Hy ¥ g 2358 - 2 ¢ £8.8 ppm
=471 029ppm; (3) B F FeoHjd - 1RH % L Had RE S > L
% 8.88 ¥7 858 ppm » & Eof = 1 0.15ppmoe A E L L 25 (4) ¥
e H L% B84 0.16 ppm » £ 2 SUELR 570 S (5)F 1 A
PP P AEA o F A ARSI B & W U A AR
Hni 22 Hppo 2 % Hpy 2 3.92 ppm s @i+ 4 7 0.08 ppm:» ¥ — & &
5.11 ppm srfiE fgr PO 33 48 A ts 2 B W s E p i B E L) 4o %

i Hoo RGP B4 -
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Absorbance

(@)

Wz L - 52a 8 Calap+ 42 & + (5 chp Tk Rk

(b) ¥ Benesi-Hildebranc © 18] (C # (viv=99:1))
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Absorbance

k2 (b) £ Benesi-Hildebrand Plot ¥ Yo (B A G e Ml 7 (Vv

=99:1))
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—~
O
=

ﬂ

aoueqlosqy

1
e
oy
m
P

v % (Vv

b
=

(b) £ Benesi-Hildebrand Plot i ;F— )o (3% A ;

[Rv4

Y!

;E

99:1))
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Absorbance

/ 1.99
S 1.86 x10™

09 x10*M"
’=0.98

W= L= -~52b £ Pb

k& 2¥# (b) ¥ Benesi-Hildebrand Plot i ®](c)> (i3 #| 5 ¢ % /% 7 (viv

=99:1))

75



Hip 2 4.48 ppm cnfEis e H, & dp 0 22 & s & 15 =48 7] 4.27
ppm: A B #3187 0.21ppm; @ & 5.36 ppm g 21 & s L
FiEed s > Ra B4 536 ppm £ 5% (i f 5.22
ppm ApR > AR I S = 7 0.14 ppm 12+ 5 (6) TR A 4.7-5.3 ppm
P Egeng it (broaden) > # ¥ BB MBS 4 5 (7) pESA G H,
-OCH,CH,CH3 8 &~ i Mg 8- =4 1 0.10 ppm » & H & 5L § > 3%
L% ot 52b 27 PP £ 15 sl A S R A gL

PG AT R R £ g & PO 6 % B4R

&r {r o
GFE M & HNMR jF 25?0158 5 el ahg v g

A% o dR PO A BB S mEtF & & o i B -OCH,CH,CH; 3t
5L Hy 3 2Bl g P A RAHF R G SE AT 4 o
PEPOT RS T ER B S T RS AT I BAE g A
P PRBEEST I ART I AR R R g B A2 TR R
(tautomerization) 2} = ff-% *5 (quinone-hydrazone)®® (4-@lmw L = #f
7)o #RASEAREL T a4 o 4% N-Hy st o ¥£9 Hy

AREFTHL BB DT RRFTFH -
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We L7 -t &4 52b ¢ Pb¥ a3 chs & 58 o
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4

2-Lw L &4 52b 2 P 'HNMR F 20t 8 4% 4 o

H 52b  52b+[Pb*] A& (ppm)®

de 758 7.55 -0.03
7.96 8.00 +0.04
h 392 4.00 +0.08
5.11 b b
5.34 b b
4.48 b -
a 450 4.60 +0.10
2.68 2.62 -0.06
c 1.81 = 4
_ . +0.15,
j 8.73 8.88, 8.58 N
| 7.66 7.64 -0.02
kK = 7.90 7.74 -0.16
f.g 880 8.51 -0.29
9.19 9.13 -0.06
i 9.70 g =
m d 11.9 a

—_— b ] = > Za NG Jba 55
é A6ppm <3 5complex_ 852b g —'ﬂ 8complex -"’5 ”fﬁﬁﬂ ‘Eifuli__ %’ 2 ﬂﬂ'b # pES —l‘J @1‘.‘;’5 ;—:‘LE'T
Ph¥ 4s & 14 A B & & JRE % A A B4 2098 £ 42 £ (4 1 52b s azophenol

£ 4¢ 1+ & quenol-hydrozone - @& H;j ' % » @2 di Hpy e

2 - R
O 0.0 QlN )
Hg H, Hy
H; H; H; |
N _— N
N N N|’ \Hm N|
OH o) o)

DR R 2 A A

N BR[O A SRR P T PO
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A H AR AR R Hyp » S A 30E Hy ~ He ~ Hy~ H 2 Hisn® i pl
EE T g &1 W A A e

FAREE & K BT e o R A S B AR Hy (O =
126 Hz) £ Hp(J =133 Hz) e 2 ¢ Hy % it B ¥ 1 2 H, £ dp e
MEAB AT 021l ppm > ¥ P A K B FHEAFE o ¥ 2 Hode H

BB BA A 1 T T RS B AR AR o by

R EL S Vo SR AT S AL LR i
ooy B ST AR

B LB AR R TS B L R AR F
BldoHg B2 He o S k2 & en2 =% F PP a3 178 § = 4578
Ho W T Aadrek 0 AL 2 R i € AT A
Wen G R e TR AN Jie 0 @ 2 Gk T AR TR
o F A PR EEPOT S M hih § NS LRI o
AP 50a e S (== “Tq Lopemit k5 41 s
PIRGAP R R AT R SRR A S g fE AR
MR P S] @ § BRI ko @ POTHT B § GBS ehw G 2
TR L BREBELF LRI DS FRFERATHNMR

L A b LBl e oo
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yrg %

-%;;

FI* AT o3 R 2P s IE G & - e iE
of S - R SRR T 1 & 4 43ab
¥ 44ab - B P ddab ¥ iFE FHG E I am SRy o

BH ALY MaieFE PR B BipE s ¢ TS 2 R
et e ¥ 31 partial cone e e

B S ORI SR £ 40 43ab it B s § A
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5.1

(1)

2)

(3)

(4)
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DRX-300 7| % 2 £ & % ik » COSY =k * Varian Unity 400
22 500 3] s & = L R

TP IRIE 1Y -5 7 (CDClg) i % =~ 7.26 ppm o B 5 e
£ PREF &K 5 -5 7 (CDCly) %8 =# 77.0 ppm o it & = # ¥
=5 ppm: & & ¥ #cHE =5 Hzo

"H-NMR %z A 45 ©s %7 = H % (singlet) ~d % 77 5 %
(doublet) ~ t &7+ 5= €% (triplet) ~q £+ 2 = £ % (quartet) ~
m #7 5 % £ (multiplet) ~ br £ 77 % % (broad pea) - ABq
F. o7 = & % (AB quartet) -

C-NMR s :# (BB-decoupling) "2 DEPT-90 4~ DEPT-135 % 4
s it CHy 27— % ~CH, 2 77 = %8 ~CH £ 7 = B8 ~
Cq# T Bpd o

(e R R
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5.2 ?Esiﬁ,&f; 3 3R

Syntheses of compound 38a,b™®

TsCl, Ag,O, CH,Cl,,
HO ( o j OH > HO o OTs
n rt, 1d n

n=1, DEG n=1,38a
n=2, TEG n=2,38b

To a chilled (0 °C) and stirred solution of DEG or TEG (DEG: 1.00 g,
9.42 mmol; TEG: 141 g, 9.42 mmol) in DCM was added Ag,O (3.27 g,
14.13 mmol) and TsCl.(1.98.g, 10.36 mmol). After stirring for 12 h, the
precipitated silver salts were removed by filtration through a pad of celite,
and the resulting solution was washed thoroughly with EtOAc. The
combined filtrate was concentrated under reduced pressure, and the
residue was purified by column chromatography with n-hexane/ethyl
acetate (38a: v/iv = 2:1 to 1:2; 38b: v/v = 3:1) eluent to afford transparent
liquid, compound 38a (1.30 g, 53%) or 38b (1.72 g, 60%).

2-(2-Hydroxyethoxy)ethyl 4-methylbenzenesulfonate, 38a:
Transparent liquid; Ry = 0.20 (n-hexanelethyl acetate = 1:1); ‘H NMR
(300 MHz, CDCIy) 64 2.45 (s, 3H), 3.61-3.70 (m, 4H), 4.13-4.18 (m,

4H), 7.33-7.36 (m, 2H), 7.78-7.81 (m, 2H) (*# @] 1).

2-(2-(2-Hydroxyethoxy)ethoxy)ethyl 4-methylbenzenesulfonate, 38b:
Transparent liquid; R; = 0.20 (n-hexane/ethyl acetate = 1:2); ‘H NMR
(400 MHz, CDCl3) oy 2.40 (s, 3H), 3.50-3.55 (m, 6H), 3.61-3.68 (m,
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5H), 4.12 (t, J = 4.5 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 7.74 (d, J = 8.0 Hz,
2H) (4 ® 2): °C NMR (100 MHz, CDCl) dc 21.5 (CHs), 61.5 (CH»),
68.5 (CH,), 69.1 (CH,), 70.0 (CH,), 70.5 (CH,), 72.3 (CH,), 127.8 (Cy),

129.7 (Cy) (¥t B 3).

Syntheses of compound 39a,b**®

DHP, PPTs, CH,Cly,
HO (o] OTs » THPO (0] OTs
n n

rt, 4 h, 85%
n=1, 38a n=1,39%
n=2,38b n=2, 3%9b

A mixture of 38a (5.47 g, 21.00 mmol) or 38b (6.39 g, 21.00 mmol) with
2,3-dihydropyran (5.75 mL, 63.00 mmol) and catalytic amount of
pyridinium p-toluenesulfonate was dissolved in CH,CI, (50 mL), and
stirred at room temperature for 2 h. The crude material was purified over
silica gel column eluted with n-hexane/ethylacetate (39a. v/v = 1:1 to 2:1;
39b: v/v = 3:1) to give yellow oil compound 39a (5.79 g, 80%) or 39b
(6.53 g, 80%).

2-(2-((Tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethyl 4-methylbenzene
sulfonate, 39a:

Yellow oil; R; = 0.40 (n-hexane/ethyl acetate = 3:1); *H NMR (400 MHz,
CDCly) 6y 1.47-1.60 (m, 4H), 1.65-1.87 (m, 2H), 2.44 (s, 3H),
3.46-3.55 (m, 2H), 3.59-3.62 (m, 2H), 3.69-3.71 (m, 2H), 3.77-3.87 (m,
2H), 4.15-4.17 (m, 2H), 4.58-4.59 (m, 1H), 7.33-7.34 (m, 2H),
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7.79-7.81 (m, 2H) (*4 ® 4); *°C NMR (100 MHz, CDCls) d¢ 19.5 (CH,),

21.6 (CH3), 25.4 (CH,), 30.5 (CH,), 62.3 (CH,), 66.6 (CH,), 68.7 (CH,),
69.2 (CH,), 70.7 (CH,), 98.9 (CH), 128.0 (CH), 129.8 (CH), 133.0 (C,),

144.8 (C) (*# B 5).

2-(2-(2-((Tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)ethyl4-methyl
benzene sulfonate, 39b:

Yellow oil; R; = 0.35 (n-hexane/ethyl acetate =1:1); '"H NMR (400 MHz,
CDCly) &y 1.43-1.55 (m, 4H), 1.61=1.81 (m, 2H), 2.39 (s, 3H),
3.41-3.46 (M, 1 H), 3:47-3.55 (M, .5H),-3.57-3.59 (m, 2H), 3.62—3.64 (m,
2H), 3.76-3.83 (m, 2H), 4.09-4.11(m, 2H), 4.55-457 (m, 1H),
7.28-7.30 (m, 2H), 7.72-7.74 (m, 2H) (*4® 6); *C NMR (100 MHz,
CDCl3) 6c 19.3 (CH,), 21.4 (CHs), 25.2 (CH,), 30.4 (CH,), 62.0 (CH,),
66.4 (CH,), 68.4 (CH,), 69.1 (CH,), 70.3 (CH,), 70.3 (CHy), 705 (CH,),

98.8 (CHy), 127.7 (CH) , 129.6 (CH), 132.8 (Cy), 144.6 (C4) (i ] 7).

25,27-Dipropoxy-26,28-dihydroxy-p-tert-butylcalix[4]arene, 40>

KoCO3,Prl, CH4CN,

I > reflux, 1d
OH OH QoH HO

A mixture of p-tert-butylcalix[4]arene (3.50 g, 5.30 mmol), potassium
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carbonate (1.56 g, 11.32 mmol), and propyl iodide (2.30 g, 13.47 mmol)
was added with acetonitrile (100 mL) then stirred at 80°C for 1 d. The
solvent was removed under reduced pressure and extracted with CH,Cl,
(100 mL) and water. The organic layer was dried over anhydrous MgSQO,.
Then the crude material was purified by recrystallization with CH,ClI, and
methanol (v/v = 1:4). The solid was filtered and washed by methanol,
then give compound 40 (2.72 g, 3.71 mmel, 70 %). White powder; mp =
237-239 °C (lit. > 280 °C): Ry = 0.57 (n-hexane/ethyl acetate = 8:1); 'H
NMR (300 ‘MHz, €DCl3) 6y 1.01 (s, 18H), 1.23-1:29 (m, 24H),
1.99-2.06 (m, 4H, CH,CH,CHj3), 3.30 (d, J = 12.9 Hz, 4H, ArCH,Ar),
3.94 (t, J = 6.4 Hz, 4H),4.30 (d, J = 12.9 Hz, 4H, ArCH,Ar), 6.85 (s, 4H),
7.03 (s, 4H), 7.89 (s, 2H, ArOH) (4 #) 8); "*C NMR (75 MHz, CDCl5) Jc

151.2°(Cy), 150.4 (C,), 147.1 (C,), 1416 (Cy), 133.3 (C), 12822 (Cy),
125.9 (CH), 125.5 (CH), 7855 (CHy), 34.4 (Cy), 34.2 (Cy), 32:3 (CH,),

32.1 (CHg), 31.5 (CH3), 23:8 (CH,), 11.3 (CH3) ("1 & 9).

Syntheses of compound 41a,b>**

1) 39, NaH, THF,

2) PTSA, EtOH, rt, 2 h, 80%

40 n=1,41a (81%)
n =2, 41b (80%)

A mixture of compound 40 (2.35 g, 3.21 mmol) and sodium hydride (0.77
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g, 1.04 mmol) was dissolved in anhydrous THF and stirred at room
temperature for 1 h. A solution of added compound 39a (3.31 g, 9.63
mmol) or 39b (3.74 g, 9.63 mmol) in anhydrous THF (50 mL) was then
added to the previous solution and refluxed for 12 h. Methanol was added
to quench sodium hydride. Solvent was removed under reduced pressure
and extracted with CH,CI, and water. The organic layer was dried over
anhydrous MgSOQ,, filtrated, and evaporated. Without further purification,
the crude oil and p-toluenesulfonic acid (0.06 g, 0.32 mmol ) were
dissolved in ethanol (50 mL) and stirred at room temperature for 2 h.
Then 1 N NaOHq (20-mL) was added to the solution to quench the
reaction and precipitated. The ethanol was removed under reduced
pressure and extracted with CH,Cl, and 3.6% HClq. The organic layers
were_dried over anhydrous MgSQ;,, filtered, and evaporated. The crude
material was purified over silica gel column eluted with hexane/ethyl
acetate (41a: v/iv = 4:1 to 2:1; 41b: v/iv = 1:1 to 1:2) to afford compound
41a (1.87 g, 64%) or 41b (2.08 g, 65%).

Compound 41a:

Yellow oil; R; = 0.35 (n-hexane/ethyl acetate = 1:1); *H NMR (300 MHz,
CDCly) 64 0.92 (s, 18H), 1.04 (t, J = 7.4 Hz, 6H), 1.25 (s, 18H),
1.94-2.02 (m, 4H), 3.15 (d, J = 12.6 Hz, 4H), 3.62-3.65 (m, 4H),
3.73-3.78 (m, 8H), 4.08-4.12 (m, 4H), 4.22-4.27 (m, 4H), 4.39 (d, J =
12.6 Hz, 4H), 6.57 (s, 4H), 6.99 (s, 4H) (*# 8 10); *C NMR (75 MHz,

CDCly) 6¢c 11.0 (CHs), 23.9 (CH,), 31.5 (CH,), 31.7 (CHs), 32.0 (CHs),
34.1 (Cy), 34.4 (Cy), 62.3 (CH,), 70.9 (CH,), 72.6 (CHy), 72.7 (CHy), 77.4
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(CH,), 125.1 (CH), 125.7 (CH), 132.9 (C), 135.2 (C,), 144.6 (C,), 145.4

(Cg), 153.3 (Cy), 154.4 (C,) (*# B 11); ESI-MS m/z 932 [M + Na]".

Compound 41b:

Yellow oil; R; = 0.10 (n-hexane/ethyl acetate = 1:1); *H NMR (300 MHz,
CDCl3) oy 0.96 (s, 18H), 1.03 (t, J = 7.4 Hz, 6H), 1.20 (s, 18H),
1.97-2.04 (m, 4H), 3.14 (d, J =12.5 Hz, 4H), 3.61-3.80 (m, 20H),
4.05-4.09 (m, 4H), 4.16-4.18 (m, 4H), 4.38 (d, J =12.5 Hz), 6.93 (s, 4H),
6.94 (s, 4H) (*4 @ 13); ®°C NMR (75 MHz, CDCls) ¢ 11.0 (CH3), 23.8
(CH,), 314 (CH,), 31.7 (CHs), 32.0 (CHs), 34.1 (Cy), 34.4 (C,), 62.1
(CH,), 70.6 (CH,), 70.9(CH,), 71.0 (CH,), 72.5 (CH,), 73.2 (CH,), 77.8
(CH,), 125.1 (CH), 125:6(CH), 133.2 (C), 135.0 (C,), 144.6 (C,), 145.3
(Cy), 153.4 (Cy), 154.1 (Cy) (*it Bl 14).

Syntheses of compound 42a,b***

n=1,4a n =1, 5a (90%)
=2 4b n =2, 5b (90%)

A mixture of compound 41a (0.50 g, 0.55 mmol) or 41b (0.55 g, 0.55
mmol), p-toluenesulfonyl chloride (0.52 g, 2.75 mmol), EtzN (0.38 mL,

2.75 mmol) and a catalytic amount of 4-(dimethylamino) pyridine were
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dissolved in CH,CI, (55 mL) and stirred at room temperature for 12 h.
The crude mixture was extracted with CH,Cl, (50 mL X 3) and water.
The organic layers were dried over anhydrous MgSO,, filtered, and
evaporated. The reaction mixture was purified over silica gel column
eluted with hexane/ethylacetate (42a: viv = 4:1; 42b: viv = 3:1) to give
the compound 42a (0.60 g, 90% ) or 42b (0.65 g, 90%).

Compound 42a:

Yellow oil; Re.= 0.3 (n-hexane/ethyl acetate = 4:1); *H NMR (300 MHz,
CDCl3) 6i4.0.93-1.00-(m,-24H), 1.15 (s, 18H), 1.89—1.97 (m, 4H), 2.41 (s,
6H), 3.10 (d, J = 12,5 Hz, 4H), 3.68-3.73 (m, 8H), 3.91-3.95 (m, 4H),
4.01-4,05 (M, 4H), 4.15-4.16 (m, 4H), 4.33(d, J = 12.5 Hz, 4H), 6.67 (s,

4H), 6:87 (s, 4H), 7.28-7.30 (m, 4H), 7.77-7.79 (m, 4H) (% 1 15); “*C

NMR-(75 MHz, CDCl3) 6c 10.4 (CHa), 21.5 (CHs), 23.3 (CH,), 30.9
(CH,), 31.3 (CH3), 31,5 (CHg), 33.7 (Cy); 33:87(Cy), 68.4 (CH,), 69.2
(CH,), 70.3 (CH,), 72.2 (CH,), 76.6 (CH,), 124.7 (CH), 125.0 (CH),
127.9 (CH),129:8 (CH), 132.8 (C,), 133.0 (C,), 134.2 (Cy), 144.2 (Cy),

144.7 (C), 144.7 (Cy), 153.0 (Cy);"153.4 (Cy) (%] 16). FAB-MS m/z

1240 [M + Na]".

Compound 42b:

Yellow oil; Rs = 0.13 (n-hexane/ethyl acetate = 4:1); 'H NMR (300 MHz,
CDCly) dy 0.98 (t, J = 7.4 Hz, 6H), 1.04 (s, 18H), 1.24 (s, 18H),
1.97-2.02 (m, 4H), 2.43 (s, 6H), 3.12 (d, J = 12.5 Hz, 4H), 3.61 (s, 8H),
3.68-3.70 (m, 4H), 3.76-3.80 (m, 4H), 3.94-3.97 (m, 4H), 4.08—4.16 (m,
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H), 4.39 (d, J = 12.5 Hz, 4H), 6.73 (s, 4H), 6.83 (s, 4H), 7.30-7.33 (m,
4H), 7.78-7.80 (m, 4H) (*4 @ 18); *C NMR (75 MHz, CDCl5) d¢ 10.5

(CHs), 21.6 (CHs), 23.3 (CH,), 31.0 (CH,), 31.4 (CHs), 31.5 (CH,), 33.8
(Cy), 33.9 (Cy), 68.8 (CH,), 69.3 (CHy), 70.4 (CHy), 70.5 (CH,), 70.8
(CH,), 72.5 (CH,), 77.1 (CH,), 124.9 (CH,), 125.0 (CH,), 128.0 (CHy),

129.8 (CH), 133.0 (Cy), 133.4 (C,), 134.0 (Cy) (* B 19).

Syntheses of compound 43a,b* 1°*8

OH OH QH HO

t-BuOK (5 eq), DMF

70°C, 1d,

n=1,42a n =1, 43a (35-50%)
n=2,42b n =2, 43b (30-48%)

A mixture -of calix[4]arene (0.88 g, 2.06 mmol) and potassium
tert-butoxide (1.20 g, 10.34 mmol) was stirred at room temperature in dry
DMF (150 mL) for 1 h. The solution was then added compound 42a (2.30
g, 1.88 mmol) which was dissolved in 50 mL DMF, and heated to 70 °C
for 2 days. After DMF was removed under high vacuum the reaction
mixture was extracted with CH,Cl, (50 mL x 2) and 3.6% HCl4q (50 mL
X 2). The organic layers were dried over anhydrous MgSO,, filtered, and
evaporated. The crude material was purified over silica gel column eluted

with hexane/ethylacetate (43a: v/v = 25:1; 43b: v/v = 12:1 to 8:1) to give
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43a 1.20 g (35-50%) or 43b 1.37 g (35-48%).

Compound 43a:

White solid; mp. = 196-203°C; R; = 0.15 (n-hexane/ethyl acetate = 20:1);
'H NMR (300 MHz, CDCl,) 6,40.83 (s, 18H), 1.00 (t, J = 7.3 Hz, 6H),
1.36 (s, 18H), 1.94-2.02 (m, 4H), 3.16 (d, J = 12.5 Hz, 4H), 3.42 (d, J =
12.9 Hz, 4H), 3.70 (t, J =.7.3 Hz, 4H), 4.48-4.25 (m, 8H), 4.30-4.34 (m,
4H), 4.39— 4.45 (m, J = 12.9 Hz, 8H), 4.50~4.54 (m, 4H), 6.47 (s, 4H),
6.63—6.68 (m, 2H), 6.76—6.81 (m, 2H), 6.97 (d, J = 7.5 Hz, 4H), 7.07 (d,
J =75 Hz, 4H), 7.15 (s, 4H), 8.22 (s, 2H) (% Bl 20); °C NMR (75 MHz,

CDCl3)dc 10.7 (CH3), 23.5 (CH3), 30.9 (CH,), 31.1 (CHs), 31:2 (CH,),
31.7 (CHs), 33.5 (Cy), 34.0 (Cy), 69.8 (CH,), 70.8 (CH3), 72.2 (CH,), 75.8
(CHp), 77.9 (CH,), 118.9 (CH), 124.4 (CH), 125.5 (CH), 1255 (CH),
128.1(Cy), 128.3 (CH), 129.0 (CH), 131.8 (Cy), 133.7 (Cy), 135.6 (C,),

144.0 (Cq), 145.1(Cy), 1517 (Cy), 152.2 (C,), 153.3 (C,), 154.7 (Cy) (it

® 21); FAB-MS m/z 1320 [M + Na]*; HRMS m/z calcd for [CgsH104010]

1296.1629, found 1296.7611.

Compound 43b:

White solid; mp. = 159-170°C; R; = 0.21 (n-hexane/ethyl acetate = 8:1);
'H NMR (400 MHz, CDCl5) 6, 0.82 (s, 18H), 1.03 (t, J = 7.4 Hz, 6H),
1.32 (s, 18H), 1.92-1.97 (m, 4H), 3.12 (d, J = 12.7 Hz, 4H), 3.39 (d, J =
13.0 Hz, 4H), 3.66-3.70 (m, 4H), 3.89-4.3 (m, 28H), 4.3-4.43 (m, J =
13.0, 12.7 Hz, 8H), 6.46 (s, 4H), 6.64—6.68 (m, 2H), 6.72—6.76 (m, 2H),
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6.90 (d, J = 7.4 Hz, 4H), 7.07-7.09 (m, 8H), 7.86 (s, 2H) (* B 23); °C

NMR (100 MHz, CDCl,) dc 10.78 (CHs), 23.5 (CH,), 30.9 (CH,), 31.1
(CHg), 31.3 (CHy), 31.7 (CHs), 33.6 (Cy), 34.1 (C,), 69.8 (CH,), 70.1
(CHy), 70.9 (CH,), 71.2 (CHy), 72.0 (CH,), 76.2 (CH,), 77.7 (CH,), 118.9
(CH), 124.5 (CH), 125.4 (CH), 125.4 (CH), 125.4 (CH), 128.0 (CH),
128.4 (CH), 129.0 (CH), 131.9 (C,), 133..3 (C,), 135.4 (C), 144.0 (Cy),
145.0 (Cy), 151.8 (Cq)y 1624 (Cy), 153.3 (Cy), 154.4 (Cy) (¥ 24);
FAB-MS m/z 1408 [M + Na]"; HRMS m/z calcd for [CgoH11,01oNa’]
1407.8046, found 1407.8049.

Syntheses of compound 44a,b™***°

OI /
§ { OH OH oH HO
n{; O\} n NaH, DMF, 80 °C, 1 d
Ts Ts
n=1,42a n =1, 44a (25%)
n=2 42b h = 2, 44b (20%)

A mixture of calix[4]arene (35 mg, 0.08 mmol) and NaH (25 mg, 0.38
mmol) was stirred at room temperature in DMF (150 mL) for 1 h. The
solution was then added compound 42a (100 mg, 0.08 mmol) or 42b (92
mg, 0.08 mmol) which was dissolved in 50 mL dry DMF, and heated to
70 °C for 2 days. After DMF was removed under high vacuum the
reaction mixture was extracted with CH,Cl, (50 mL x 2) and 3.6% HCl 4
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(50 mL x 2). The organic layers were dried over anhydrous MgSQOy,,
filtered, and evaporated. Then crude material was purified over silica gel
column eluted with hexane/ethylacetate (44a: viv = 25:1; 44b: viv = 10:1)
to give 44a 11 mg (25%) or 44b 10 mg (20%).

Compound 44a:

White solid; mp. = 131-135°C; R = 0.20 (n-hexane/ethyl acetate = 20:1);
'H NMR (400 MHz, CDClI5) 6y 0.81 (s, 18H); 0.90—0.10 (m, 6H), 1.35 (s,
18H), 1.90-2.00 (m, 4H), 3.14-3.19 (d, J = 12.5 Hz, 12.5 Hz, 4H),
3.36-3.43 (M, 4H), 3.67—3.77-(m, 4H), 4.17-4.42 (m, 32H), 4.68 (d, J =
12.4 Hz, 1 H), 6.46 (s, 4H); 6.62 (t, J = 7.5 Hz, 2H), 6.62 (t, J = 7.6 Hz,

2H), 6.95-7.05 (m, 8H), 7.13 (s, 4H), 8.57 (s, 2H) (*« % 26); °C NMR

(100'MHz, CDCl;) dc 10.5 (CH3), 10.7-(CHs), 23.4 (CH,), 23.6' (CH,),
30.9 (CH,), 31.1 (CH,), 31.1 (CHg), 1.3 (CH,), 31.5 (CH,), 31.7 (CHs),
335 (Cy), 34.1 (Cy), 74.9 (CHy), 758 (CHy), 77.7 (CHy), 77.8 (CHy),
124.4 (CH), 124.5 (CH); 124.7 (CH), 1255 (CH), 125.6 (CH), 128.1
(CH), 128.1(C,), 128.4 (CH), 128.6 (CH), 128.8 (CH), 128.8 (C,), 129.0
(CH), 129.1 (Cy), 1292 (CH);131.:6 (Cg); 1317 (C), 133.6 (Cy), 134.2
(Cy), 134.6 (Cy), 135.4 (Cy), 135.6 (Cy), 143.9 (Cy), 144.0 (Cy), 144.1 (Cy),
145.1 (Cy), 145.1 (Cy), 151.1 (Cy), 151.7 (Cy), 152.3 (Cy), 152.4 (Cy),

153.3 (Cy), 153.6 (Cy), 154.7 (Co) (*# Bl 27).

Compound 44b:
White solid; mp. = 256-261; R; = 0.31 (n-hexane/ethyl acetate = 7:1); ‘H
NMR (400 MHz, CDCl5;) 64 0.82 (s, 9H), 0.83 (s, 9H), 0.99 (t, J = 7.4 Hz,
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3H), 1.09 (t, J = 7.4 Hz, 3H), 1.34 (s, 18H), 1.91-2.03 (m, 4H), 3.12-3.16
(m, J = 12.6, 12.6 Hz, 4H), 3.35-3.41 (m, 4H), 3.66-3.72 (m, 4H),
3.83-4.47 (m, 32H), 4.65 (d, J = 12.6 Hz, 1H), 6.46 (s, 2H), 6.46 (s, 2H),
6.61 (t, J = 7.5 Hz, 2H), 6.77 (t, J = 7.5 Hz, 2H), 6.85-7.02 (m, 8H), 7.11

(s, 4H) (*4® 28); *C NMR (100 MHz, CDCls) éc 10.7 (CH;), 10.8

(CHa), 23.5 (CH,), 23.6 (CHy), 30.5 (CH,), 30.9 (CH,), 31.1 (CHs), 31.4
(CH,), 31.7 (CHs), 33.6 (Cy), 34.1 (C,), 69:6.(CHy), 70.4 (CH,), 70.7
(CH,), 70.9 (CH,), 71.8 (CH,), 75.1 (CH,), 77.6 (CH,), 77.7 (CH,), 120.2
(CH3), 124.5 (CH3), 124.5 (CHg), 125.5 (CHg), 128.1 (CH3), 128.5 (Cy),
128.6 (CHs), 128.8 (CHs), 129.0 (C), 129.1 (CH3), 131.8 (Cy), 131.8 (Cy),
134.3 (Cy), 134.6 (C,), 135.5 (Cy), 135.5 (Cy), 144.0 (Cy), 144.0 (Cy),

145.1(C,), 151.1 (Cy), 152.3 (Cy), 153.9 (Cy), 154.3 (Co) (%t Bl 29);

HRMS m/z calcd for [CgoH112Na01,"] 1407.8046, found 1407.8052.

Syntheses of (S)-N-(a-phenylethyl)chloroacetamide 47, 43%

(0}
Cl

HaN_,CHs cl _ i
X = o
R Et;N, CH,Cl, , 0°C, 70% N7 R

VYV

\ 47 (82%)

wnann

é 48 (83%)

(S)-N-(a-naphthyl)ethylamide (0.54 mL, 4.13 mmol) or (S)-N-(a-phenyl)

ethylamide (0.76 mL, 4.13 mmol) and chloroacetylchloride (0.79 mg,
4.95 mmol) were added CH,CI, (20 mL). Triethylamine (0.5 mL, 3.49

mmol) was added to the mixture at 0°C, then warm to room temperature
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and stirred for 2 h. The resulting white precipitate was dissolved in water
(10 mL) and the organic layer was washed with 3.6 % HClq (40 mL X
2), dried (MgSQ,) and the remove the solvent in reduced pressure to yield
a white solid, The reaction mixture was purified over silica gel column
eluted with n-hexane/ethyl acetate (v/v = 4:1) or by crystallization with

diethyl ether to give the compound 47 (0.83 g, 82%) or 48 ( 0.68 g, 83%).

(S)-N-(a-naphthylethyl)chloroacetamide, 47:

White solid; mp. = 135-140°C; R; = 0.21 (n-hexane/ethyl acetate = 4:1);
'H NMR (400 MHz, CDCls) 5,4 1.70 (d, 3 = 6.75 Hz, 3H), 4.06 (d, J = 8.0
Hz, 2H),5.93-5.98 (m, 1H), 6.81(br, 1H), 7.46—7.56 (m, 4H), 7.82 (d, J

= 7.9 Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 8.08 (d, J = 8.2 Hz, H) (* ] 30);

¥C NMR (100 MHz, CDCl3) dc 20.9 (CHs), 43.6 (CH,), 45.2 (CH),
122.5 (CH), 123.1 (CH), 125:2 (CH), 125.9 (CH), 126.7 (CH), 128.6

(CH), 128.9 (CH), 120.9 (Cy), 133.9 (C) (*# Bl 31).

(S)-N-(a-phenylethyl)chloroacetamide, 48:
White solid; mp. = 80-89°C; R; = 0.17 (n-hexane/ethyl acetate = 4:1); ‘H
NMR (400 MHz, CDCl;) oy 1.51 (d, J = 6.8 Hz, 3H), 4.06 (d, J = 5.0 Hz,

2H), 5.08-5.15 (m, 1H), 6.76 (br, 1H), 7.23-7.35 (m, 5H) (*+ & 32); *°C
NMR (100 MHz, CDCls) dc 21.7 (CHs), 42.6 (CH,), 49.3 (CH), 126.0

(CH), 127.6 (CH), 128.8 (CH), 142.3(C,), 164.9 (CH) (*# Bl 33).

Syntheses of chiral biscalix[4]crown, 49a, 50a°’
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47 or 48, t-BuOK. CH4CN,

Y

80°C, 6 h.

n =1, 43a (50%) h=1,R=Nap 49a (46%)
n =2, 43b (30%) R=Ph 50a (48%)

Acetonitrile (10 mL) was-added to a mixture of 42a (345 mg, 0.26 mmol)
and t-BuOK (58 mg, 0.52 mmol) and stirred for 1 h, then 47 was added
and stirred at.80C for 4 h. Solvent was removed under reduced pressure.
The residue was washed with CH,Cl, (10 mL X 2) and 3.6% HClq (20
mL) and dried over MgSO,. The crued material was purified over silica
gel column eluted with n-hexane/ethyl acetate (v/v = 6:1) to give the

compound 50a (180 mg, 42%).

Compound 49a:

White solid; mp. = 185-191°C; R; = 0.23 (n-hexane/ethyl acetate = 4:1);
'H NMR (400 MHz, CDCls) dy 0.66 (t, J = 7.3 Hz, 6H), 0.82 (s, 18H),
1.35 (s, 18H), 1.64 (m, 2H), 2.15 (m, 2H), 3.07-3.20 (m, 5H), 3.34 (d, J =
13 Hz, 1H), 3.50 (t, J = 7.35 Hz, 2H), 3.69-4.63 (m, 31 H), 5.22 (, J =
7.5 Hz, 1H), 5.63 (m, 2H), 6.25 (d, J = 7.59 Hz, 1H), 6.44-6.52 (m, 5H),
6.58 (d, J =7.2 Hz, 1H), 6.78-6.84 (m, 2H), 6.91 (t, J = 7.4 Hz, 1H),
7.07-7.21 (m, 11H), 7.32-7.51 (m, 4H), 7.70 (d, J = 8.3 Hz, 1H), 7.87 (d,
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J = 8.3 Hz, 1H), 7.97(d, J = 8.3 Hz, 1H) (*4® 34); °C NMR (75 MHz,

CDCl3) 6c 167.2 (Cy), 155.5 (Cy), 155.4 (Cq), 154.7 (Cg), 154.2 (Cy),
154.0 (Cy), 153.8 (C,), 152.7 (Cq, 152.6 (C,), 145.3 (Cy), 144.4 (Cy),
144.4 (C,),138.2 (Cy), 135.9 (Cy), 135.9 (Cy), 134.9 (Cy), 134.7 (Cy),
1345 (Cg), 134.2 (Cq), 134.0 (C,), 133.9 (C,), 133.3 (C,), 132.2 (Cy),
132.1 (Cy), 131.2 (CH), 131.0 (CH), 130.2 (CH), 129.9 (CH), 129.1 (CH),
129.0 (CH), 128.8 (CH), 128.6 (CH), 1284 (CH), 128.3 (CH), 127.8
(CH), 126.6 (CH); 126.2 (CH), 126.0 (CH), 125.7 (CH), 124.9 (CH),
124.7 (CH), 124.1 (CH), 123.6 (CH), 123.4/(CH); 123.4. (CH), 123.2
(CH), 118.8 (CH), 78.4(CH5,), 78.0 (CH,), 74.2 (CH,), 74:0 (CH,), 73.0
(CH,), 72.8 (CH,), 72.3(CH,), 72:1 (CH,), 70.0 (CH,), 68.9 (CH.,), 38.0
(CH,), 37.9 (CH,), 34.5 (CH,), 34.0 (CH,); 34.0 (CH,); 2.2 (CHs), 31.6
(CH3), 315 (CHs), 31.4 (CH,), 31.3 (CH3), 31.1 (CH,); 24.2 (CH>), 23.5

(CH,);22.6 (CHs), 11.6 (CH3), 10.8 (CH3) (%@ 35); FAB-MS m/z 1508

[M + Na]; HRMS m/z caled for [CipoH117NOy;] 1507.8627, found
1507.8622.

Compound 50a:

White solid; mp. = 270-302°C; R; = 0.37 (n-hexane/ethyl acetate = 2:1);
'H NMR (300 MHz, CDCl5) 6y 0.65 (t, J = 7.4 Hz, 3 H), 0.83 (br, 18H),
0.91 (d, J = 6.8, 3H), 1.35 (s, 18H), 1.7 (m, 2H), 2.1 (m, 2H), 3.07-3.23
(m, 5H), 3.31 (d, J = 13.1 Hz, 1H), 3.46 (t, J = 7.3 Hz, 2H), 3.7-4.6 (m,
32H), 4.63 (m, 1H), 5.86 (t, J = 7.5 Hz, 1H), 6.44 (s, 2H), 6.46 (s, 2H),
6.50 (d, J = 7.1 Hz, 1 H), 6.72-6.82 (m, 5H), 6.96-7.01 (m, 4H), 7.07-7.19
(m, 8H), 7.24 (s, 1H), 7.32 (m, 2H) (*4® 36); *C NMR (75 MHz,

98



CDCls) 8¢ 10.3 (CHa), 11.1 (CHy), 22.1 (CH3), 23.1 (CH,), 23.8 (CH,).
30.7 (CH,), 30.9 (CH,), 31.1 (CHs), 31.1 (CHy), 31.7 (CH3), 31.7 (CHa),
37.5 (CH,), 37.6 (CH,), 68.5 (CH,), 69.6 (CH,), 71.7 (CH,), 71.8 (CH.,),
72.4 (CH,), 72.5 (CH,), 73.5 (CH,), 73.7 (CH,), 77.7 (CHy), 77.9 (CH,),
118.8 (CH), 122.9 (CH), 123.2 (CH), 123.6 (CH), 124.2 (CH), 124.4
(CH), 124.4 (CH), 125.2 (CH), 125.6 (CH), 125.6 (CH), 125.7 (CH),
126.1 (CH), 127.4 (CH), 127.9 (CH); 128.1 (CH), 128.3 (CH), 128.5

(CH), 128.7 (CH); 129.4 (CH), 129.7 (CH), 130.5 (CH), 130.7 (CH) (*

] 37) HRMS m/z calcd for [CggH11sNO44] 1457.8470, found 1457.8444.

Syntheses of p-nitrobenzenediazonium tetrafluoroborate®

HBF,, NaNO,

NH, N, BF,
I - T
OzN 0°C, O,N

2 2

p-nitrobenzenediazonium
tetrafluoroborate

4-Nitroaniline (2.00g, 14.40 mmol) was dissolved in fluoroboric acid
(50%, 20 mL) and then the solution was-cooled to 0°C. A solution of
sodium nitrite (1.09 g, 15.84 mmol) in ice water (5 mL) was added
dropwise. The resultant mixture was stirred at 0°C for 2 h and kept under
10°C. for 1 h. The white solid was filtered quickly and washed with cool
methanol and ether for several times. The solid was collected, and stored

in the refrigerator (2.35 g, 9.70 mmol, 67%).
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Syntheses of 51a,b and 52a,b®

] ]
o
THF, pyridine, §/{\ a\ %
O
n

0°C,4h
OH O O Ho
. L “ \\
UOOT
R, R,
n=1
n=1,43a )
n=2,43b R4 =R, = azo, 51a (26%)

R4 =H, Ry = azo, 52a (42%)

n=2,
R =R, = azo, 51b (15%)
R4 =H, R, = azo, 52b (50%)

azo =—N,
O

Compound 43a (50 mg, 0.04 mmol) or 43b (200 mg, 0.14 mmol) and the
BF, salt of para-substitued benzene-diazoniums (20 eq.) were dissolved
in THFE (3 mL) and cooled to 0 °C. The reaction was initiated by the
addition of pyridine (1 mL). After 3 h, the red solution was added 4 M
HCl(,q) (10 mL) and stirred for 30 min to quench the reaction. The solvent
was removed under reduced pressure. The residue was extracted with
CH,Cl, and H,O. The combined organic layers were dried over
anhydrous MgSO,, filtrated, and evaporated. Then crude material was
purified over silica gel column eluted with hexane/ethylacetate (51a and
52a: viv = 15:1 to 8:1; 51b and 52b: v/iv = 12:1 to 6:1) to give the
compound 51a 15 mg (26%) and 52a 26 mg (42%) or 51b 22 mg (15%)
and 52b 122 mg, (50%) as a yellow powder, or red crystal through
recrystallization in CHCI; and MeOH (v/v = 1:10).
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Compound 51a:

Red or yellow solid; mp. = 352-357°C; R; = 0.23 (n-hexane/ethyl acetate
= 12:1); *H NMR (300 MHz, CDCl5) dy 0.93 (s, 18H), 0.94 (t, J = 7.4 Hz,
3H), 1.04 (t, J = 7.4 Hz, 3H), 1.36 (s, 18H), 1.85-2.02 (m, 4H),
3.15-3.20 (m, J = 12.6, 12.6 Hz, 4H), 3.45 (d, J = 13.0 Hz, 2H), 3.56 (d,
J = 13.0 Hz, 2H), 3.64-3.74 (m, 4H), 4.15-4.60 (m, 24H), 6.47 (s, 4H),
6.68 (t, J = 7.5 Hz, 1H), 6.80(t, J =7.5 Hz, 2H), 6.98-7.11 (m, 6H), 7.15
(s, 4H), 7.83 (s, 2H), 7.96 (d, J = 9.0-Hz, 2H), 8.17 (s, 1H), 8.35 (d, J =

9.0 Hz, 2H),9.12 (s, 1H) (*# @ 38); *C NMR (100:MHz, CDCls) 6 10.7

(CH3), 10:8 (CHs). 23.4 (CHy), 23.5 (CHj), 30.9 (CH,), 30.9 (CH,), 31.1
(CH3);:81.2 (CH,), 31.3 (CH,), 31.7 (CHs), 33.6-(C,), 34.1(C,), 68.9
(CH,), 70.7 (CHy), 72.1 (CH,), 76.0 (CH,), 77.8 (CH,), 77:9 (CH,), 119.1
(CH),122.9 (CH), 124.5 (CH), 124.7 (CH), 125.5 (CH), 125.6 (CH),
125.7.(CH), 128.0 (C,), 128.5 (CH), 129.0 (Cg); 129.0 (CH), 129..4 (CH),
131.7 (Cy); 131.8 (Cy), 132.7 (Cy), 133:7(Cy), 135.6 (Cy), 144.0 (Cy),
144.0 (Gg), 145.2 (C,), 145.7 (Cy); 147:9 (Cy), 151.7 (Cy), 152.2 (Cy),

152.3 (Cy), 153.2 (Cy), 154.7 (Cg), 156.4 (Cg); 158.6 (C;) (¢} @] 39);

FAB-MS m/z 1469 [M a Na]+; HRMS m/z calcd for [C92H107N3Na012+]
1468.7752, found 1468.7743.

Compound 52a:

Red or yellow solid; mp. = 353-362°C; R; = 0.13 (n-hexane/ethyl acetate
=12:1); *H NMR (400 MHz, CDCls) 6y 0.81 (s, 18H), 0.97 (t, J = 7.3 Hz,
6H), 1.35 (s, 18H), 1.88-1.96 (m, 4H), 3.17 (d, J = 12.6 Hz, 4H), 3.58 (d,
J = 13.3 Hz, 4H), 3.65 (m, 4H), 4.23 (m, 7H), 4.30-4.52 (m, 16H), 6.45
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(s, 4H), 6.83-6.88 (m, 2H), 7.08 (d, J = 7.6 Hz, 4H), 7.14 (s, 4H), 7.83 (s,
4H), 7.95-7.98 (m, 4H), 8.34-8.37 (m, 4H), 9.05 (s, 2H) (*# &l 46); °C

NMR (100 MHz, CDCls) dc 10.8 (CHy), 14.1 (Cy), 23.4 (CH,), 30.9
(CHy), 31.1 (CHs), 31.2 (CH,), 31.7 (CHa), 33.6 (Cy), 34.1 (C,), 69.9
(CH,), 70.5 (CH,), 72.0 (CH,), 76.2 (CH,), 77.8 (CH,), 122.9 (CH),
124.5 (CH), 124.7 (CH), 125.6 (CH), 125.8 (CH), 128.8 (C;), 129.5 (CH),
131.7 (Cy), 132.7 (Cy); 1855 (C,), 144.1 (Cy), 145.3 (Cy), 145.7 (Cy),

147.9 (Cy), 1517 (Cy), 152.2 (Cy), 154.6 (Co), 1564 (Cy), 158.4 (Cy) (¥t

Bl 47); FAB-MS m/z 1618 [M + Na]’; HRMS m/z calcd for

[CogH110NgNaO1, ] 1617.7972, found 1617.7913.

Compound 51b:

Red or yellow solid; mp. = 210-215°C; R; = 0.27 (n-hexane/ethyl acetate
= 6:1); *H NMR (400 MHz, CDCl3) 6, 0.81 (s, 9H), 0.82 (s, 9H),
0.99-1.07(m, 6H), 1.30 (s, 18H), 1.88=1.95 (m; 4H), 3.09-3.14 (m, J =
12.5, 12.5 Hz, 4H), 3.41 (d, J = 13.1 Hz, 2H), 3.53 (d, J = 13.1 Hz, 2H),
3.63-3.70 (m, 4H), 3:89-3.90 (m, 4H), 4.00-4.04 (m, 4H), 4.07—4.27 (m,
18H), 4.31-4.41 (m, 18H), 4.32-4.38 (m, 6H), 4.51 (d, J = 13.1 Hz, 2H),
6.44 (s, 2H), 6.46 (s, 2H), 6.68 (t, J = 7.5 Hz, 1H), 6.78 (t, J = 7.5 Hz,
2H), 6.94-6.99 (m, 4H), 7.08-7.10 (m, 6H), 7.81 (s, 2H), 7.84 (s, 1H),

7.95-7.97 (m, 2H), 8.35-8.37 (m, 2H), 8.86 (s, 1H) (* Bl 42); *C NMR

(100 MHz, CDCls) dc 10.8 (CHs), 10.8 (CHs), 23.5 (CH,), 30.9 (CH,),
31.1 (CHs) , 31.2 (CH,), 31.7 (CHa), 33.6 (C,), 34.1 (C,), 69.8 (CH,),
70.2 (CH,), 70.9 (CH,), 72.0 (CH,), 76.1 (CH,), 77.6 (CH,), 77.6 (CH,),
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119.1 (Cy), 122.9 (CH3), 1245 (CHs), 124.7 (CH5), 127.8 (C,), 1285
(CHs), 128.9 (C,), 129.0 (CHs), 129.4 (CHs), 131.8 (C,), 132.4 (Cy),
135.4 (Cy), 144.0 (Cy), 145.1 (Cg), 145.6 (Cy), 147.9 (Cy), 151.7 (Cy),

152.3 (Cy), 154.4 (C,), 156.4 (C,), 158.5 (C,) (*i B 44); HRMS m/z calcd

for [CesH115NsNaO,,*] 1556.8271, found 1556.8280.

Compound 52b:

Red or yellow solid; mp. =255-259°C; R; =0.16 (n-hexane/ethyl acetate
= 6:1); *H NMR (400 MHz, CDCl3) &, 0.81 (s; 18H), 1.03 (t, J = 7.3 Hz,
6H), 1.31 (s, 18H), 1.88-1.96 (m, 4H), 3.12 (d, J = 12.6 Hz, 4H), 3.57 (d,
J = 13.1 Hz, 4H), 3.65-3.68 (m, 4H), 3.89-3.91 (m, 4H), 4.01=4.03 (m,
4H), 4.11 (s, 4H), 4.23 (s, 12H), 4.34 (d, J = 12.5 Hz, 4H), 4.50 (d, J =
13.1'Hz, 4H), 6.45 (s, 4H), 6.80-6.84 (m, 2H), 7.03 (d, J = 7.5 Hz, 4H),

7.08 (5,4H), 7.95-7.97 (m, 4H), 8.35-8.37 (m, 4H), 8.79 (s, 2H) (*i+ Bl

49); *C'NMR (100 MHz, CDCls) 6¢ 10:8 (CH,); 23.5 (CH,), 30.9 (CHs),
31.7 (CH3); 33.6/(C), 34.1 (C), 69.9 (CH,), 70.2 (CH3), 70:9 (CH,), 71.2
(CH,), 72.0 (CH,); 76.2 (CH,), 77.6 (CH,), 122.88 (CH), 124.5 (CH),
124.7 (CH), 125.5 (CH), 125.7 (CH),128.8 (C,), 129.5 (CH),131.8 (C,),
132.5 (Cy), 135.4 (C,), 144.1 (C,), 145.1 (C,), 145.7 (Cy), 148.0 (Cy),

151.7 (Cy), 152.3 (Cy), 154.4 (C,), 156.3 (Cy), 158.3 (C,) (it Bl 50); FAB

-MS m/z 1707 [M + H + Na]"; HRMS m/z calcd for [CygoH115NgNaO16°]
1705.8497, found 1705.8485.

103



10.

11.

£ ;‘:—é;-;a/fe

Mutihac, L; Lee, J. H.; Kim, J. S.; Vicens, J. Chem. Soc. Rev. 2011,
40, 2777-2796

Pedersen, C. J. Angew. Chem., Int. Ed. Engl. 1988, 27, 1021-
1027.

Lehn, J. M. Angew. Chem., Int. Ed. Engl. 1988, 27, 90-112.
Cram, D. J. Angew. Chem., Int. Ed. Engl. 1988, 27, 1009-1020.
Zheng, B.; Wang, F.; Dong, S.; Huang, F. Chem. Soc. Rev. 2012, 41,
1621-1636.

(@) Zhou, D.; Sun; T.;-Deng, W. Chin. J. Org. Chem. 2012, 32, 2,
239-253. (b) Shahgaldian, P.; Pieles, U. Sensors 2006, 6, 593-615.
(c) Zhang, Y.-M.; Chem, Y.; Li, Z.-Q.; Li, N.; Liu, Y. Bioorg. Med.
Chem. 2010, 18, 1415-1420.

Haenni, K.; Leigh, D. A. Chem. Soc. 2010, 39, 4, 1240-1251.
Yang, W.; Li, Y; Liu, H.; Chi, L.; Li, Y. Small 2012, 8, 4, 504-516.
(@) Gutsche, C.D. Calixarene; The Royal Society of Chemistry:
Cambridge, 1992. (b) Gutsche, C.D. Calixarene Revisited; The
Royal Society of Chemistry: Cambridge, 1998. (c) lkeda, A
Shinkai, S. Chem. Rev. 1997, 97, 1713. (d) Gutsche, C.D;
Muthukrishnan, R. J. Org. Chem. 1978, 43, 4905.

(@) Mandolini, L.; Ungaro, R.; Calixarene in Action, Imperial
College Press: London; 2000. (b) Jaime, C.; de Mndoza, J.; Pardos,
P.; Nieto, P. M.; Sanchez, C. J. Org. Chem. 1991, 56, 3372.

(@) Bohmer, V.; Angew. Chem. Int. Ed. Engl. 1995, 34, 713. (b)
Araki, K.; Shinkai, S.; Mstsuda, T. Chem. Lett. 1989, 581. (c)

104



12,

13.

14,

15.

16.

17.

18.

19.

20.
21.
22.

Shinkai, S.; Araki, K.;Matsuda, T. L. Mandabe, O. Bull. Chem.
Soc. Jpn. 1989, 3856.

(a) Gutsche, C.D.; Dhawan, B.; Levine, J. A.; No, K. H.; Bauer, L. J.
Tetrahedron 1983, 39, 409. (b) Bocchi, V.; Foina, S.; Pochini, A,;
Ungaro, R. Tetrahedron 1982, 38, 373.

Araki, K.; lwamoto, K.; Shigematsu, S.; Shinkai, S. Chem. Lett.
1992, 1095.

Salorinne, K.; Nissinen, M. J. Incl. Phenom. Macrocycl Chem.
2008, 61, 11-27.

Luboch, E.; Bierna, J..F.; Muszaiska, E.; Bilewicz, R. Supramol.
Chem. 1995, 5, 201-201.

Yamamoto, H.; Sakaki, T.; Shinkai. S. Chem. Lett. 1994, 469-
472.

Francoise, A.-N.; Caccamese, S; Fuangswasdi, S.; Pappalardo, S.;
Paris, M. F.; Petringa, A.; Principato, G. J. Org. Chem. 1997, 62,
8041-8048

Arduini, A.; Doniano, L.; Pochini, A.; Secchi, A.; Ungaro, R.;
Ugozzoli, F.; Struck, O.;Verboom, W.; Reinhoudt, D. N.
Tetrahedron 1997, 53, 3767-3776.

Zheng, S.-Y.; Luo, J. J. Incl. Phenom. Macrocycl. Chem. 2011,
71, 35-56.

Fabbrizzi, L; Poggi, A. Chem. Soc. Rev. 1995, 24, 197-202.
Merino, E. Chem. Soc. Rev. 2011, 40, 3835-3853.

(@) Lee, K. H.; Lee, H.-Y.; Lee, D. H.; Hong, J.-I. Tetrahedron Lett.
2001, 5447-5449. (b) Kim, N. Y.; Chang, S.-K. J. Org. Chem. 1998,

63, 2362—2364. (c) Shimizu, H.; lwamoto, K.; Fujimoto, K.; Shinkai,
105



23.

24,
25.

26.

27,

28.

29.

30.

31.

32.

S. Chem. Lett. 1991, 2147-2150. (d) Chen, C.-F.; Chen, Q.-Y. New.
J. Chem. 2006, 30, 143-147. (e) van der Veen, N. J.; Egberink, R. J.
M.; Engbersen, J. F. J.; van Veggel, F. J. C. M.; Reinhoudt, D. N.
Chem. Commun. 1999, 681-682.

Alfieri, C., Dradi, E., Pochini, A.; Ungaro, R.; Andreetti, G. D.
J. Chem. Soc. Chem. Commun. 1983, 1075-1077.

Lohr, H. G.; Vogtle, F. Acc. Chem. Res. 1985, 18, 65.
Yamamoto, H.; Ueda, K.; Samankumare, S.; Shihkai, S. Chem.
Lett. 1995, 497.

Kim, S. Y.; Kim, G.; Kim, C. R.; Lee, S. H.;: Lee, J. H.; Kim,
J. S. J. Org. Chem. 2003, 68, 1933-1937.

Kim, J. S.; Lee, S. J.; Jung, J. H.; Hwang, I. C.; Singh, N. J;
Kim, S. K.; Lee, S. H.; Kim, H. J.; Keum, C. S.; Lee, J. W,

Kim, K. S. Chem. Eur. J. 2007, 13, 3082—-3088.
(@) Bohmer, V,; Kraft, D.; Tabatabia, M.; Inclusion Phenom. Mol.

Recognit. Chem. 1994, 17. (b) Gutshe, C. D.; Calixarenes Revisited,
Cambridge, UK: Royal Society of Chemistry. 1998, 135.

Iwamoto, K.; Shimizu, H.; Arali, K.; Shinkai, S. J. Am. Chem.
Soc. 1993, 115, 3997-4006.

Luo, J.; Chen, C.-F; Huang, Z.-T. Tetrahedron 2005, 61, 8517
—8528.

Luo, J.; Shen, L.-C.; Chung, W.-S. J. Org. Chem. 2010, 75,

464-467.
(@) Bohmer, V.; Kraft, D.; Tabatabai, M. J. Incl. Phenom. Macro.

Chem. 1994, 19, 12-39. (b) Cort, A. D., Mandolini, L.; Pasquini,C.;
Schiaffino, L. New. J. Chem. 2004, 28, 1198-1199. (c) Szumna, A.

106



33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

Chem. Soc. Rev. 2010, 39, 4374-4385.

(@) Ameijde, J.; Liskamp, R. M. J. Org. Biomol. Chem. 2003,
1, 2661-2669. (b) Loiseau, F. A.; Hii, K. K.; Hill, A. M. J.
Org. Chem. 2004, 69, 639-647.

(a) lwamoto, K.; Araki, K.; Shinkai, S. J. Org. Chem. 1991, 56, 4955.
(b) Pomecko, R.; Asfai, Z.; Hubscher-Bruder, N.; Bochenska, M.;
Arnaud-Neu, F. Supramol. Chem. 2010, 22, 275.

Mutihac, L; Lee, J. H.; Kim, J..S.; Vicens, J. Chem. Soc. Rev.
2011, 40, 27/7-2796.

Yakovenko, A. V., Boyko, V. l.; Danylyuk, O.; Suwinska, K.;
Lipkowski, J.; Kalchenko, V. I. Org. Lett. 2007, 9, 1183-1185.

(a) Boyko, V. I.; Matvieiev, Y. I.; Klyachina, M. A.; Yesypenko, O.
A.; Shishkina, S. V.; Shishkin, O. V.; Kalchenko, V. |. Tetrahedron
2009, 65, 4220-4227. (b) Kliachyna, M. A.; Yesypenko, O. A
Pirozhenko, V. V.; Shishkina, S. V.; Shishkin, O. V.; Boyko, V. |.;
Kalchenko, V. I. Tetrahedron 2009, 65, 7085—-7091.

(@) Swain, C. G. J. Am. Chem. Soc. 1975, 97, 4, 799. (b) Li,
Z. Dyes and Pigments 2008, 78, 199.

Shinkai, S.; Aeaki, K.; Shibata, J.; Tsugawa, D.; Manbe, O. J.
Chem. Soc. Perkin Trans 1 1990, 3333.

Spéth, A.; Konig, B. Beilstein J. Org. Chem. 2010, 6, 32.
Shannon, R.D. Acta. Cryst. A. 1976, 32, 751-767.

Benesi, H. A.; Hilderbrand, J. H. J. Am. Chem. Soc. 1949, 71,
2703.

(@) Kishimoto, S.; Kitahara, S.; Manabe, O.; Hiyama, H. J. Org.

Chem. 1978, 43, 3882. (b) Shinkai, S.; Araki, K.; Shibata, J.;
107



Tsugawa, D.; Manabe, O. Chem. Lett. 1989, 931. (c¢) Zazulak, W.;
Chapoteau, E.; Czech, B. P.; Kumar, A. J. Org. Chem. 1992, 57,
6720. (d) Karci, F.; Sener, I.; Deligdz, H. Dyes Pigments 2003, 59,
53. (e) Chawla, H. M.; Singh, S. P.; Sahu, S.N.; Upreti, S.
Tetrahedron 2006, 62, 7854. (f) Kao, T.-L.; Wang, C.-C.; Pan, Y.-T.;
Shiao, Y.-J.; Yen, J.-Y.; Shu, C.-M.; Lee, G.-H.; Peng, S.-M.; Chung,
W.-S. J. Org. Chem. 2005, 70, 8, 2912—-2920. (g) Ho, I.-T.; Lee,
G.-H.; Chung, W.-C. J. Org. Chem. 2007, 72, 24342442,

108



=% WA

7.1 'HNMR £ °C NMR 3 3 &

109



Parameter Value
Title syc-20111001
Comment
Solvent CDCI3
Temperature 300.0
Number of Scans 16
Spectrometer 300.13
Frequency
Spectral Width 4789.3
Lowest Frequency -449.8
Nucleus 1H

10 Acquired Size 8192
11 Spectral Size 16384

B 1 &% 38a 2 'H-NMR (300 MH z, CDCl3) 3% ]
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Parameter

Title
Comment

Solvent
Temperature
Spectrometer
Frequency
Spectral Width
Lowest Frequency
Nucleus
Acquired Size

O Spectral Size

Value
syc20120402

cdcl3
25.0
399.77

6410.3
-807.7
1H
16384
32768

W 2 1 &% 38b 2 H-NMR (400 MHz , CDCls) 3 ]
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Parameter Value

Title syc-20120402
Comment

Solvent cdcB
Temperature 25.0
Spectrometer 100.53
Frequency
Spectral Width 250000
Lowest -1455.8
Frequency

8 Nucleus 13C

9 Acquired Size 32768
10 Spectral Size 65536

“1H 3 it &4 38b 2 °C-{r DEPT-NMR (100 MHz, CDCls) =k % )
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11,4934

Parameter Value

Title syc-20120602

Comment

Solvent cdcl3
Temperature 25.0
Number of Scans 16
Spectrometer Frequency 399.77
Spectral Width 6410.3
Lowest Frequency -805.7
9 Nucleus 1H

10 Acquired Size 16384
11 Spectral Size 32768

(o N e R S R S

“ & 4 39a 2 "H-NMR (400 MHz, CDCl5) 3 F]
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9

Parameter
Title
Comment

Solvent
Temperature
Number of Scans

Spectrometer
Frequency

Spectral Width
Lowest Frequency
Nucleus

10 Acquired Size
11 Spectral Size

Value

syc-20120602

cdcl3
25.0
5000
100.53

25000.0
-1442.6
13C
32768
65536

i

160 150 140

W5 it &4 39

7

~

130 110 100

“C-fr DEPT-NMR (100 MHz, CDCl3) ¥ ]
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syc-20120402

Parameter

2 Comment

3 Solvent

25.0

4  Temperature

5 Spectrometer 399.77

Frequency
6 Spectral
Width

Frequency
8 Nucleus

9 Acquired Size 16384
10 Spectral Size 32768

0617°¢
3WEy'¢
clov'e

8S80Y
owmo.vW
6601 ¥

2

%+ 6~ it &4 39b 2. '"H-NMR (400 MHz, CDCl3) *
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Parameter Value
Title syc-20120402
Comment
Solvent cdcl3
Temperature  25.0

Spectrometer 100.53
Frequency

Spectral 25000.0
Width

Lowest -1458.5
Frequency

8 Nucleus 13C
9 Acquired Size 32768
10 Spectral Size 65536

| Jf= |

JOT S

71.0 70.5 700 69.5 690 68.5

i

40 30

YW 7~ 1t &4 39D 2 13C—$r DEPT-NMR (100 MHz, CDCl3) =t 2
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Current Data Parameters
NAME syc-20101004
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date 20101005
Time 2.03
INSTRUM spect
PROBHD 5 mm Multinu
PULPROG

TD

SOLVENT
NS
0
4789.272

0.292314
1.7105396

__—3.3245
T 3.2814

512
104.400
6.50
300.0
2.00000000
usec
MHz
16384
300.1300063 MHz
EM
)
0.10 Hz
0

1.00

L B B B L W | —————

11 10 9 8 7 6 5 4

o
(e)
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% 8~ i & % 40 2 *H-NMR (300 MHz, CDCly) + 3§ B
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Current Data Parameters
NAME syc-20101114
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date 20101115
Time 5.45
S spect
5 mm Multinu
JL 2930
T
NS
0

16384
cDCl3

0.292314
1.7105396

<
N
—
(e}

300.0
2.00000000

CHANNEL f1
1H

— N
10.60 usec
1 -3.00
300.1319508
F2 - Processing parameters
sI 16384

63
300.1300060 MHz

———3.1302

0
0.10 Hz
0

1.00

%8 10 ~ it £+ 4la 2 'H-NMR (300 MH z, CDCl;) 3 ¥ ]
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calix-OH
2011041907 9 (0.616) Cn (Cen,8, 80.00, Ht); Sm (SG, 2x0.75); Sb (3,40.00 ); Sb (3,40.00 ); Cm (9:10-3:6x1.200)

100, 931.8

Chemical Formula: C5gHgsOg
Exact Mass: 908.6166

41a and Na* : Exact Mass: 931.6058

—- m/z

0 e ! L ot L T ! L T L L o S o o o o S
100 200 300 = 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 |

I 12 - i & 4 4la 2. ES-MS % 3 Bl
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Current Data Parameters
NAME syc-20110819
EXPNO 2
PROCNO

'l
F2 - Acquisition Parameters
Date 201108
Time 13.36
INSTRUM
PROBHD 5
PULPROG 2
TD E

SOLVENT
NS

6.6299
4.4088

N DS
< SWH
O FIDRES
(o))

1.0527
1.0281
1.0030

(an]

EEEN
6.50
== CHANNEL
1
10.6
00

3.
300.1319508

3. I3

= — 3.7255

vz

VNN

i T i T i T i T i T b T i T . T

F2 - Processing parameters
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syc-20100705

Parameter

1 Title

2

Comment

3 Solvent

300.0
16

6 Spectrometer 300.13

4  Temperature
5 Number of

Frequency
7 Spectral

Width
8 Lowest
Frequency
9 Nucleus

10 Acquired Size 8192
11 Spectral Size 16384

N
~
N
0\.
=)

608C°L
vLOE'L
060¢°L

1S9L°L
90LL'L
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6C6L'L

—
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< TI68 T
T po16TT~
% 61161~
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)

2

“tB 15 ~ i £ % 42a 2. 'H-NMR (300 MHz, CDCl;)
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calix-OTs(3NBA)
100060122 11 (0.868) Cn (Cen,4, 80.00, Ht); Sm (SG, 4x1.00); Sb (2,40.00 ); Cm (1:11)

100+
612

Chemical Formula: C75Hgg015S,
Exact Mass: 1216.6343

42a and Na™* : Exact Mass: 1239.6241

566

540 564

313 o 506 666 941
337 bo7
982 7

872 42
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syc20120413

Parameter

2 Comment
3 Solvent

25.0

5 Spectrometer 399.77

4 Temperature

Frequency
6 Spectral
Width
7 Lowest

Frequency
8 Nucleus

9 Acquired Size 16384

10 Spectral Size 32768
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Parameter Value
Title syc-20120413
Comment
Solvent cdcl3
Temperature 25.0
Spectrometer 100.53
Frequency

Spectral 25000.0
Width

Lowest -1442.6
Frequency

Nucleus 13C
9 Acquired Size 32768
10 Spectral Size 65536

%1 19 ~ it & 4 42b 2. *C-4r DEPT-NMR (100 MHz, CDCls) =k % )
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syc-20110428

Parameter
4  Temperature 300.0

3 Solvent
5 Number of

N

16
4789.3
8192

Frequency

Frequency
9 Nucleus

7 Spectral

Scans
6 Spectrometer 300.13

Width
8 Lowest

11 Spectral Size 16384

10 Acquircd
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130 125

Parameter Value
Title syc-20110502
Comment
Solvent CDCI3
Temperature 300.0
Number of 512
Scans
Spectrometer 75.47
Frequency
Spectral 18832.4
Width

8 Lowest -1148.9
Frequency
9 Nucleus 13C

10 Acquired 32768
Size

11 Spectral Size 65536

% 21~ ©* & 4 43a 2 °C-fc DEPT-NMR (75 MHz, CDCl3) % ¥ ]
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C6(3NBA)
100060120 4 (0.333) Cn (Cen,2, 80.00, Ht); Sm (Mn, 4x1.00); Sb (1,2.00 ); Cm (1:12)
307
100-

Chemical Formula: CggH10401¢
3: Exact Mass: 1296.7629
43a and Na* : Exact Mass: 1319.7522
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339 387
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syc-20120415
8

Parameter
Frequency

7 Sp_cctral

Scans
6 Spectrometer 399.77

2 Comment

3 Solvent

4 Temperature 25.0
5 Number of

Frequency
9 Nucleus

16384

11 Spectral Size 32768

10 A_cquired
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“tB 23 ~ i £ % 43b 2 'H-NMR (400 MHz, CDCl3)
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Parameter Value
Title syc-201204 14

Comment

Solvent cdcl3
Temperature 25.0
Number of 5000
Scans
Spectrometer 100.53
Frequency
Spectral 25000.0
Width

8 Lowest -1442.6
Frequency

9 Nucleus 13C

10 Acquired 32768
Size

11 Spectral Size 65536

160 150 140 130 120 110 100 90

W) 24~ - & $ 43b 2 13C-fr DEPT-NMR (100 MHz, CDCl3) & 33 B
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6b-2

2011110407 62 (4.247) Cn (Top,4, Ht); Sm (Mn, 2x0.75); Sb (3,40.00 ); Cm (62:64-1:59x2.000) Scan ES+
8.17e5

100

Chemical Formula: CggH11201>
Exact Mass: 1384.8154

43b + Na* : Exact Mass: 1408.8119

1214.8

338.3

1403.1
N

12290 1402
118:5201.0 3214 [339.6 . ‘ 1411.9

(] 1 I

L I L L S B S L I U B B S R R R SRS AR R AR Ry R R RARAR AR RASRR Ry Raann nan 11174

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

"t B 25 ~ it & 4+ 43b 2. FAB-MS &3 B
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Parameter

syc-20120617

2 Comment
3 Solvent

4 Temperature

8

5 Number of Scans

399.77

6 Spectrometer

Frequency
7 Lowest Frequency -804.5

)

+ 44a 2. "H-NMR (400 MHz, CDCl;) %3

A
v

jL

) 26 -
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syc-20120617

2 Comment

3 Solvent

25.0

4 Temperature
5 Number of

2048

100.53

6 Spectrometer

Frequency
7 Lowest

Frequency
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) 27 ~ it & 4 44a 2. °C-4r DEPT-NMR (100 MHz, CDCl;) *
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Parameter

syc-20120328

2 Comment

3 Solvent

4  Temperature 25.0

5 Spectrometer 399.77

6410.3
1H
16384

Frequency

Frequency
6 Spectral
Width
8 Nucleus

7 Lowest
10 Spectral Size 32768

9 A_cquired
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Parameter Value

Title syc-20120328
Comment

Solvent cdcel3
Temperature 25.0
Spectrometer 100.53
Frequency

Spectral 25000.0
Width

Lowest -1441.9
Frequency

Nucleus 13C
Acquired 32768
Size

10 Spectral Size 65536

129.0 128.0

B 29 ~ it & 4 44b 2. *C-4r DEPT-NMR (100 MHz, CDCls) =k % ]
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Parameter Value
1 Title syc-20120626
2 Comment AN
3 Solvent cdcl3
4 Temperature 25.0
5 Number of 8
Scans
6 Spectrometer 399.77
Frequency
7 Lowest -804.9
Frequency

Qk

47

B 30~ i & 4 47 2. *H-NMR (400 MHz, CDCl5) 3 ]
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30.9005
77.0005

P
ke

—137.5244

—45.2282
—42.5828

Parameter
1 Title
2 Comment
3 Solvent
4 Temperature

5 Number of
Scans

6 Spectrometer

Frequency

7 Lowest
Frequency

Value
syc-20120627

cdcl3
25.0
256

100.53

-1442.6

“tH 31~ it &4 47 2. PC-fc DEPT-NMR (100 MHz, CDCls) 3 )
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Parameter
1 Title
2 Comment
3 Solvent
4 Temperature

5 Number of
Scans

6 Spectrometer
Frequency

7 Lowest
Frequency

Value
syc-20120626
AP
cdcl3
25.0
8

399.77

-814.5

141




Parameter Value
1 Title syc-20120626
2 Comment
3 Solvent cdcl3
4 Temperature 25.0
5 Number of 512
Scans
6 Spectrometer 100.53
Frequency

7 Lowest -1442.6
Frequency

140 130 120 110 100

"B 33 i &% 48 2 °C-fr DEPT-NMR (100 MHz, CDCly) *
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syc-20110524

16
4789.3

Parameter
2 Comment
3 Solvent
Temperature
5 Number of Scans
6 Spectrometer
Frequency
Spectral Width
Lowest Frequency -450.1

4

7
8
9 Nucleus

8192

10 Acquired Size

11 Spectral Size
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110831 dept
C6AN/

Parameter

2 Comment

110831 dept

256

4 Temperature  80.0

3 Solvent
5 Number of

125.73

6 Spectrometer

Frequency
7 Lowest

Frequency
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Value
111122H

Parameter

2 Comment
3 Solvent

22.0
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4 Temperature
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6 Spectrometer
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Parameter Value

1 Title 110831 dept

2 Comment

3 Solvent cdcl3

4 Temperature 80.0

5 Number of Scans 256

6 Spectrometer 125.73
Frequency

7 Lowest -1887.7
Frequency

160 150 140 130 120 110 100
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syc-20120307
CDCI3

Parameter

2 Comment
3 Solvent

4 Temperature 300.0

5 Number of

16
4789.3

6 Spectrometer 300.13
Frequency

7 Sp@ctral
Frequency

9 Nucleus

8 Lowest

1H
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Size
11 Spectral Size 16384
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syc-2012032

Parameter
2 Comment
3 Solvent
4 Temperature 25.0
5 Number of

2000

Scans
6 Spectrometer 100.53

Frequency
7 Lowest

1

Frequency
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6a+1azo(3NBA)
101031411 2 (0.195) Cn (Cen,4, 80.00, Ht); Sm (SG, 4x1.00); Sb (2,40.00 ); Cm (2:11) Scan FB+
100+ 3.51e5

Chemical Formula: C92H107N3012
Exact Mass: 1445.7855

51a + Na': Exact Mass: 1445.7855

595 611

39 581
363 460

387 419 525 g3q 266 e18 1362 1447 1469
1268 1311 1405 “
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syc-2012052

Parameter

2 Comment

cdcl3

3 Solvent

4  Temperature 25.0

5 Number of

8

Frequency
7 Spectral

Scans
6 Spectrometer 399.77

6410.3

W

1H
16384

Frequency

9 Nucleus
11 Spectral Size 32768

10 Acquired
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Parameter Value

Title syc-20120529
Comment
Solvent cdcl3
Temperature  25.0
Number of 2048
Scans
Spectrometer  100.53
Frequency

7 Spectral Width 25000.0

8 Lowest -1441.9
Frequency

9 Nucleus 13C

10 Acquired Size 32768
11 Spectral Size 65536
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Parameter

syc-20120326

2 Comment

cdcl3

3 Solvent

2048

Scans
6 Spectrometer 100.53

4 Temperature 25.0

5 Number of

Frequency
7 Lowest

Frequency
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6a+2azo(3NBA)

101031412 1 (0.110)

100+

337351 397

[ ‘
Il |
[ [

Cn (Cen,4, 80.00, Ht); Sm (SG, 4x1.00); Sb (2,40.00 ); Cm (1:7)
1 x10
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Chemical Formula: CggH449NgO14
Exact Mass: 1594.8080

52a + Na* ; Exact Mass: 1618.8045
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Parameter

SYC-20120326

2 Comment
3 Solvent

cdcl3

4  Temperature 25.0

6410.3

Frequency

5 Spectrometer 399.77
6 Spectral

Frequency
8 Nucleus

1H

16384

9 Acquired

10 Spectral Size 32768
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Parameter Value
Title syc-20120327
Comment
Solvent cdcl3
Temperature  25.0
Spectrometer 100.53
Frequency

Spectral 25000.0
Width

Lowest -1441.4
Frequency

8 Nucleus 13C
9 Acquired Size 32768
10 Spectral Size 65536

“t® 50~ it & 4 52b 2 13C-1r DEPT-NMR (100 MHz, CDCl3) sk 3 @]
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6b+2azo(3NBA)
101031414 1 (0.110) Cn (Cen,4, 80.00, Ht); Sm (SG, 4x1.00); Sb (2,40.00 ); Cm (1:11) Scan FB+
100+ 607 6.15e4

1707
Chemical Formula: C4goH118NeO16

Exact Mass: 1682.8604
53b + Na*: Exact Mass: 1682.8604

854
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812826
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i & 4 50a 15 4 S

Table 1. Crystal data and structure refinement for ic15334.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.99°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

ic15334

C96 H115 N O11

1458.89

150(2) K

1.54178 A

Monoclinic

P2(1)/c

a=18.1401(4) A a=90°
b = 26.2563(6) A B=95.164(2)°.
¢ =18.2096(3) A y =90°,
8637.9(3) A3

4

1.122 Mg/m3

0.566 mm-!

3144

0.20 x 0.15 x 0.10 mm?

2.96 to 67.99°.

-20<=h<=21, -31<=k<=31, -21<=I<=21
56197

15718 [R(int) =0.0430]

100.0 %

Semi-empirical from equivalents
1.00000-and 0.89440

Full-matrix least-squares on F2
157187258 / 1019

1.048

R1=0.1573, wR2 = 0.3657
R1=0.1769, wR2 = 0.3775

1.727 and -0.864 e.A 3
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A 2x 103)

foric15334. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
0(1) 4626(2) 1855(2) 4617(2) 48(1)
0(2) 5123(2) 1217(2) 6117(2) 53(1)
0o(@3) 3953(2) 2047(2) 6406(2) 55(1)
0(4) 3645(2) 2879(2) 4977(2) 51(1)
o(5) 5516(3) 2616(2) 3795(2) 63(1)
0(6) 6878(2) 3265(2) 4352(2) 50(1)
o(7) 5674(2) 2728(2) 6889(3) 58(1)
0(8) 6783(2) 3467(2) 6947(2) 57(1)
0(9) 7173(2) 2778(2) 5868(2) 61(1)
0(10) 8079(3) 4454(2) 5748(3) 62(1)
0(11) 9495(4) 5386(3) 5746(5) 110(3)
N(1) 9522(4) 4540(3) 6014(4) 79(2)
C(1) 4369(3) 1571(3) 4014(3) 47(2)
C(2) 3880(4) 1792(3) 3475(3) 48(2)
C@3) 3619(4) 1496(3) 2871(3) 50(2)
C(4) 3817(4) 990(3) 2803(3) 55(2)
C(5) 4278(4) 778(3) 3370(3) 55(2)
C(6) 4555(3) 1055(3) 3987(3) 47(2)
C(7) 4954(3) 782(3) 4649(3) 47(2)
C(8) 4427(3) 668(3) 5238(3) 48(2)
C(9) 4516(4) 901(3) 5929(3) 49(2)
C(10) 3998(4) 813(3) 6442(3) 57(2)
C(11) 3424(4) 474(3) 6257(3) 61(2)
C(12) 3341(4) 228(3) 5587(3) 56(2)
C(13) 3831(3) 344(3) 5081(3) 50(2)
C(14) 4015(4) 1103(3) 7170(3) 60(2)
C(15) 3351(4) 1459(3) 7161(3) 55(2)
C(16) 2718(4) 1327(3) 7504(3) 58(2)
C(17) 2083(4) 1628(3) 7441(3) 56(2)
C(18) 2084(4) 2061(3) 7013(3) 62(2)
C(19) 2707(4) 2209(3) 6654(3) 54(2)
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C(20)
Cc(21)
C(22)
C(23)
C(24)
C(25)
C(26)
C(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(55)

3339(3)
2675(4)
2563(4)
3066(3)
3004(3)
2387(4)
1847(4)
1966(4)
3588(3)
3495(6)
4105(7)
3021(8)
2994(6)
2712(5)
2982(6)
2533(8)
2020(4)
1398(4)
1576(5)
748(5)
1173(6)
1164(5)
969(11)
495(7)
1175(10)
5404(3)
5558(4)
5738(4)
6557(4)
5742(4)
6384(4)
7060(4)
4428(4)
5082(4)
5538(4)
6238(4)

1910(3)
2650(3)
2441(3)
2540(3)
2301(3)
1997(3)
1914(3)
2134(3)
2330(3)
658(3)
403(5)
969(4)
254(4)
-168(4)
-672(4)
-240(8)
-26(4)
1457(4)
1422(4)
1811(6)
913(5)
1600(5)
1254(8)
1945(7)
1334(10)
1972(3)
2524(3)
3111(3)
3179(4)
961(3)
1326(3)
1084(3)
2383(3)
2510(3)
3229(3)
3444(4)
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6748(3)
6112(3)
5324(3)
4810(3)
4131(3)
3944(3)
4429(4)
5120(4)
3587(3)
2154(4)
1792(5)
1565(5)
2462(5)
5422(4)
5779(10)
4608(6)
5772(5)
7821(4)
8640(4)
7645(7)
7546(6)
4211(5)
4800(10)
4118(15)
3532(11)
4689(3)
4569(3)
3609(4)
3618(3)
6479(4)
6590(4)
6974(4)
6860(4)
6436(4)
7094(4)
7476(4)

52(2)
60(2)
55(2)
46(1)
45(1)
54(2)
65(2)
66(2)
48(2)
75(2)
119(4)
129(5)
101(3)
78(3)
144(6)
213(11)
85(3)
72(2)
83(3)
140(6)
117(4)
90(3)
224(11)
256(14)
316(19)
50(2)
50(2)
66(2)
66(2)
61(2)
62(2)
69(2)
60(2)
61(2)
63(2)
68(2)



C(56)
C(57)
C(58)
C(59)
C(60)
C(61)
C(62)
C(63)
C(64)
C(65)
C(66)
C(67)
C(68)
C(69)
C(70)
C(71)
C(72)
C(73)
C(74)
C(75)
C(76)
c(77)
C(78)
C(79)
C(80)
Cc(81)
C(82)
C(83)
C(84)
C(85)
C(86)
Cc(87)
C(88)
C(89)
C(90)
C(91)

3431(4)
4051(6)
3828(7)
7638(4)
7935(4)
8689(5)
9151(5)
8850(4)
8090(4)
7795(4)
8053(4)
8635(5)
8909(5)
8599(5)
8022(4)
7752(4)
7694(4)
7936(4)
8643(4)
8873(5)
8423(4)
7724(4)
7494(4)
7246(4)
6898(5)
6123(5)
5793(5)
6200(5)
6978(5)
7313(4)
7432(5)
8361(5)
9189(5)
10298(6)
10549(6)
10407(6)

3391(3)
3720(4)
4250(4)
3318(3)
3808(3)
3858(4)
3444(4)
2965(4)
2895(3)
2374(3)
2223(3)
1873(3)
1768(4)
2010(4)
2358(3)
2459(3)
2631(4)
3178(4)
3291(5)
3796(5)
4186(4)
4092(4)
3584(4)
4521(3)
4465(3)
4459(3)
4392(3)
4335(3)
4344(3)
4430(3)
4271(3)
4955(3)
4969(4)
4501(5)
4792(5)
3925(5)
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4673(5)
4734(6)
4440(6)
4383(3)
4320(3)
4315(4)
4374(5)
4477(5)
4491(4)
4674(4)
5452(5)
5600(6)
6322(7)
6894(6)
6783(4)
6044(4)
7416(4)
7522(3)
7885(4)
7954(5)
7654(4)
7301(4)
7270(3)
7020(4)
6241(5)
6121(5)
5421(6)
4835(5)
4923(4)
5634(4)
4276(4)
5681(5)
5834(5)
6180(7)
6937(6)
6102(6)

70(2)
101(3)
107(4)

51(2)

60(2)

71(2)

77(2)

74(2)

56(2)

63(2)

62(2)

83(3)

91(3)

89(3)

67(2)

58(2)

76(3)

65(2)

84(3)

97(4)

84(3)

65(2)

64(2)

72(2)

71(2)

80(2)

80(2)

81(2)

64(2)

61(2)

66(2)

78(2)

80(3)
118(4)
107(2)
106(2)



C(92)
C(93)
C(94)
C(95)
C(96)
C(90')
c(91)
C(92)
C(93)
C(94))
C(95)
C(96")

9946(9)
10025(9)
10512(8)
10907(9)
10850(8)
10407(6)
10549(6)
11074(12)
11116(12)
10673(12)

3484(7)
3013(7)
2837(6)
3139(6)
3681(6)
3925(5)
4792(5)
5265(9)
5447(10)
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6435(9)
6379(9)
5933(8)
5506(9)
5550(8)
6102(6)
6937(6)
7309(13)
7936(13)
8458(13)

92(3)
92(3)
83(3)
93(3)
89(3)

106(2)

107(2)

100(3)
99(3)
99(4)

100(3)

101(3)



Table 3.  Bond lengths [A ] and angles [] for ic15334.

0(1)-C(1) 1.374(7)
0(1)-C(45) 1.440(7)
0(2)-C(9) 1.397(8)
0(2)-C(49) 1.420(8)
0(3)-C(20) 1.372(7)
0(3)-C(52) 1.441(8)
0(4)-C(23) 1.389(7)

0O(4)-C(56) 1.493(
0(5)-C(47) (9)
0(5)-C(46) 424(7)
0(6)-C(59 1.383(8)
0O(6)-C(48

O(7)-C(54

O( /
0(8)-C(5

0(9)-C
0O(10
0(10
o\
N(1)-

» 1896
'0

N(1)-C(88 1.416(13)
C(1)-C(2)

C(1)-C(6)

C(2)-C(3)

C(2)-C(28) 1.529(9)
C(3)-C(4) 1.383(10)
C(4)-C(5) 1.386(10)
C(4)-C(29) 1.540(9)
C(5)-C(6) 1.395(9)
C(6)-C(7) 1.527(9)
C(7)-C(8) 1.528(8)
C(8)-C(13) 1.385(9)
C(8)-C(9) 1.396(9)
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C(9)-C(10) 1.402(9)

C(10)-C(11) 1.389(10)
C(10)-C(14) 1.526(9)
C(11)-C(12) 1.376(9)
C(12)-C(13) 1.371(9)
C(12)-C(33) 1.553(10)
C(14)-C(15) 1.524(10)
C(15)-C(16) 1.399(9)
C(15)-C(20) 1.401(10)

C(16)-C(17) 1.394(10)
C(17)-C(18) (11)
C(17)-C(37) 543(9)

C(18)-C(19
C(19)-C(20
C(19)-C

1.409(9)

C(24)-C(28
c

C(26)-C(27) 'e
C(26)-C(4 1.512(11)
C(29)-C(30) 496(14)

C(29)-C(32) 7(12)
C(29)-C(31) 16(13)
C(33)-C(35) 1.502(12)
C(33)-C(36) 1.504(11)
C(33)-C(34) 1.534(15)
C(37)-C(38) 1.500(10)
C(37)-C(39) 1.514(13)
C(37)-C(40) 1.556(14)
C(41)-C(44) 1.421(15)
C(41)-C(42) 1.473(18)
C(41)-C(43) 1.512(19)
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C(45)-C(46) 1.496(9)

C(47)-C(48) 1.495(10)
C(49)-C(50) 1.509(10)
C(50)-C(51) 1.496(10)
C(52)-C(53) 1.510(9)

C(54)-C(55) 1.501(9)

C(56)-C(57) 1.413(13)
C(57)-C(58) 1.533(13)
C(59)-C(64) 1.382(10)

C(59)-C(60) 1.:403(10)
C(60)-C(61)
C(60)-C(86)
C(61)-C(6
C(62)-C(6
C(63)-C(6

C(69 .
C(70)-C(71) '1

C(70)-C( 1.523(12)
C(72)-C(73) 507(12)

C(73)-C(78) 388(12)
C(73)-C(74) 0(10)
C(74)-C(75) 1.393(15)
C(75)-C(76) 1.389(15)
C(76)-C(77) 1.391(10)
C(77)-C(78) 1.397(12)
C(77)-C(79) 1.483(12)
C(79)-C(80) 1.506(11)
C(80)-C(85) 1.396(11)
C(80)-C(81) 1.403(12)
C(81)-C(82) 1.370(12)

171



C(82)-C(83) 1.359(13)

C(83)-C(84) 1.407(12)
C(84)-C(85) 1.397(10)
C(84)-C(86) 1.508(11)
C(87)-C(88) 1.504(12)
C(89)-C(91) 1.533(16)
C(89)-C(90) 1.606(16)
C(91)-C(96) 1.487(16)
C(91)-C(92) 1.582(17)

C(92)-C(93)
C(93)-C(94)
C(94)-C(95) 359(19)
C(95)-C(96 1.43(2)
C(92')-C(9
C(93)-C(9

C(59)-0(6)-
C(54)-0(7)-C(
C(78)-0(8)-C(55)
C(85)-0(10)-C(87)

C(88)-N(1)-C(89) 122.9(9)
0(1)-C(1)-C(2) 119.1(6)
0(1)-C(1)-C(6) 119.2(6)
C(2)-C(1)-C(6) 121.4(6)
C(1)-C(2)-C(3) 118.2(6)
C(1)-C(2)-C(28) 119.9(5)
C(3)-C(2)-C(28) 121.6(6)
C(4)-C(3)-C(2) 122.3(6)
C(3)-C(4)-C(5) 117.6(6)
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C(3)-C(4)-C(29)
C(5)-C(4)-C(29)
C(4)-C(5)-C(6)
C(5)-C(6)-C(2)
C(5)-C(6)-C(7)
C(1)-C(6)-C(7)
C(6)-C(7)-C(8)
C(13)-C(8)-C(9)
C(13)-C(8)-C(7)
C(9)-C(8)-C(7)
C(8)-C(9)-0(2)
C(8)-C(9)-C(10)
0(2)-C(9)-C(10)
C(11)-C(10)-C(9)
C(11)-C(10)-C(14)
C(9)-C(10)-C(14)
C(12)-C(11)-C(10)
C(13)-C(12)-C(11)
C(13)-C(12)-C(33)
C(11)-C(12)-C(33)
C(12)-C(13)-C(8)
C(15)-C(14)-C(10)
C(16)-C(15)-C(20)
C(16)-C(15)-C(14)
C(20)-C(15)-C(14)
C(17)-C(16)-C(15)
C(18)-C(17)-C(16)
C(18)-C(17)-C(37)
C(16)-C(17)-C(37)
C(17)-C(18)-C(19)
C(20)-C(19)-C(18)
C(20)-C(19)-C(21)
C(18)-C(19)-C(21)
0(3)-C(20)-C(19)
0(3)-C(20)-C(15)
C(19)-C(20)-C(15)

121.9(7)
120.4(7)
122.7(7)
117.6(6)
120.1(6)
121.8(5)
111.3(5)
118.6(6)
120.1(5)
121.3(6)
120.3(5)
120.0(6)
119.7(6)
118.4(6)
119.2(6)
122.2(6)
122.4(6)
117.7(6)
122.0(6)
120.3(6)
122.7(6)
110.0(5)
118.4(7)
121.5(7)
119.8(6)
121.9(7)
118.1(6)
122.5(7)
119.4(7)
122.1(7)
118.4(7)
119.6(6)
121.7(7)
119.4(6)
119.5(6)
121.1(6)
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C(19)-C(21)-C(22)
C(27)-C(22)-C(23)
C(27)-C(22)-C(21)
C(23)-C(22)-C(21)
C(24)-C(23)-C(22)
C(24)-C(23)-0(4)

C(22)-C(23)-0(4)

C(23)-C(24)-C(25)
C(23)-C(24)-C(28)
C(25)-C(24)-C(28)
C(24)-C(25)-C(26)
C(27)-C(26)-C(25)
C(27)-C(26)-C(41)
C(25)-C(26)-C(41)
C(22)-C(27)-C(26)
C(24)-C(28)-C(2)

C(30)-C(29)-C(32)
C(30)-C(29)-C(4)

C(32)-C(29)-C(4)

C(30)-C(29)-C(31)
C(32)-C(29)-C(31)
C(4)-C(29)-C(31)

C(35)-C(33)-C(36)
C(35)-C(33)-C(34)
C(36)-C(33)-C(34)
C(35)-C(33)-C(12)
C(36)-C(33)-C(12)
C(34)-C(33)-C(12)
C(38)-C(37)-C(39)
C(38)-C(37)-C(17)
C(39)-C(37)-C(17)
C(38)-C(37)-C(40)
C(39)-C(37)-C(40)
C(17)-C(37)-C(40)
C(44)-C(41)-C(42)
C(44)-C(41)-C(26)

109.3(6)
118.4(6)
119.9(6)
121.7(6)
120.9(6)
119.0(5)
120.1(5)
118.5(6)
123.9(6)
117.6(5)
122.0(6)
116.7(6)
121.6(7)
121.7(7)
123.1(6)
108.1(5)
109.7(9)
110.3(8)
107.8(6)
108.6(8)
107.9(9)
112.5(7)
109.6(9)
109.9(12)
106.3(8)
111.4(7)
112.2(7)
107.1(7)
110.0(8)
110.7(6)
111.6(7)
106.9(8)
108.7(9)
108.7(7)
110.7(15)
115.0(9)
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C(42)-C(41)-C(26)
C(44)-C(41)-C(43)
C(42)-C(41)-C(43)
C(26)-C(41)-C(43)
0(1)-C(45)-C(46)
0(5)-C(46)-C(45)
0(5)-C(47)-C(48)
0(6)-C(48)-C(47)
0(2)-C(49)-C(50)
C(51)-C(50)-C(49)
0(3)-C(52)-C(53)
0(7)-C(53)-C(52)
0(7)-C(54)-C(55)
0(8)-C(55)-C(54)
C(57)-C(56)-0(4)
C(56)-C(57)-C(58)
C(64)-C(59)-O(6)
C(64)-C(59)-C(60)
0(6)-C(59)-C(60)
C(61)-C(60)-C(59)
C(61)-C(60)-C(86)
C(59)-C(60)-C(86)
C(62)-C(61)-C(60)
C(61)-C(62)-C(63)
C(62)-C(63)-C(64)
C(59)-C(64)-C(63)
C(59)-C(64)-C(65)
C(63)-C(64)-C(65)
C(66)-C(65)-C(64)
C(71)-C(66)-C(67)
C(71)-C(66)-C(65)
C(67)-C(66)-C(65)
C(68)-C(67)-C(66)
C(69)-C(68)-C(67)
C(68)-C(69)-C(70)
C(69)-C(70)-C(71)

113.0(8)
105.7(15)
102.1(14)
109.4(10)
112.8(5)
108.4(5)
114.3(7)
110.5(5)
109.3(6)
112.5(7)
107.4(5)
112.5(5)
108.4(6)
108.0(6)
110.1(7)
110.1(9)
120.0(6)
121.4(6)
118.6(6)
118.5(8)
121.1(7)
120.4(7)
121.7%(8)
118.9(8)
121.4(8)
117.8(7)
122.6(6)
119.4(7)
111.1(6)
118.7(8)
120.0(6)
121.2(8)
120.6(9)
119.1(8)
123.1(9)
116.9(8)
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C(69)-C(70)-C(72)
C(71)-C(70)-C(72)
0(9)-C(71)-C(66)

0(9)-C(71)-C(70)

C(66)-C(71)-C(70)
C(73)-C(72)-C(70)
C(78)-C(73)-C(74)
C(78)-C(73)-C(72)
C(74)-C(73)-C(72)
C(75)-C(74)-C(73)
C(76)-C(75)-C(74)
C(75)-C(76)-C(T7)
C(76)-C(77)-C(78)
C(76)-C(77)-C(79)
C(78)-C(77)-C(79)
C(73)-C(78)-C(77)
C(73)-C(78)-O(8)

C(77)-C(78)-0(8)

C(77)-C(79)-C(80)
C(85)-C(80)-C(81)
C(85)-C(80)-C(79)
C(81)-C(80)-C(79)
C(82)-C(81)-C(80)
C(83)-C(82)-C(81)
C(82)-C(83)-C(84)
C(85)-C(84)-C(83)
C(85)-C(84)-C(86)
C(83)-C(84)-C(86)
0(10)-C(85)-C(80)
0(10)-C(85)-C(84)
C(80)-C(85)-C(84)
C(84)-C(86)-C(60)
0(10)-C(87)-C(88)
0(11)-C(88)-N(1)

0(11)-C(88)-C(87)
N(1)-C(88)-C(87)

122.8(8)
120.3(6)
116.0(6)
122.4(7)
121.6(7)
114.7(6)
117.6(9)
122.4(6)
120.0(8)
119.4(9)
120.3(8)
122.1(10)
116.3(9)
120.4(9)
123.2(7)
124.0(7)
116.9(8)
119.0(7)
115.8(7)
118.7(8)
122.8(8)
118.4(8)
119.7(9)
121.4(9)
121.3(8)
117.2(8)
121.5(7)
121.4(8)
118.9(7)
119.5(7)
121.6(8)
115.3(6)
111.7(7)
126.1(9)
116.7(9)
117.1(8)
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N(1)-C(89)-C(91) 100.7(11)

N(1)-C(89)-C(90) 110.4(8)

C(91)-C(89)-C(90) 121.4(10)
C(96)-C(91)-C(89) 124.8(11)
C(96)-C(91)-C(92) 106.3(11)
C(89)-C(91)-C(92) 127.6(10)
C(93)-C(92)-C(91) 128.7(14)
C(92)-C(93)-C(94) 118.6(16)
C(93)-C(94)-C(95) 124.0(16)

C(94)-C(95)-C(96)
C(95)-C(96)-C(91)
C(92')-C(93)-C(94

C(93)-C(94)-C(Q
C(94)-C(9 /
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Table 4.  Anisotropic displacement parameters (A 2x 103) for ic15334. The anisotropic

displacement factor exponent takes the form: -2x2[ hZ a*2Ul + ... +2hka*b* U1?]

Ull U22 U33 U23 U13 U12
0o(1) 39(2) 72(3) 34(2) -9(2) 8(2) -6(2)
0Q) 41(2) 72(3) 46(2) -3(2) 6(2) -4(2)
0B3) 41(2) 89(3) 38(2) -18(2) 15(2) -16(2)
0(4) 50(2) 69(3) 35(2) -5(2) 4(2) -9(2)
0(5) 66(3) 88(4) 35(2) -4(2) 0(2) -22(3)
0(6) 54(3) 63(3) 32(2) -1(2) 2(2) -1(2)
o(7) 33(2) 76(3) 67(3) -1(2) 9(2) 5(2)
0@) 37(2) 91(4) 41(2) 5(2) -3(2) -14(2)
0(9) 45(2) 85(4) 49(3) 16(2) -5(2) 14(2)
0(10) 70(3) 61(3) 55(3) -2(2) 6(2) -9(3)
0(11) 83(4) 76(4) 179(8) -16(4) 50(5) -15(4)
N(1) 93(5) 76(5) 70(4) 0(4) 15(4) 0(4)
C(1) 49(3) 62(4) 31(3) -4(3) 14(2) -11(3)
C(2) 55(4) 59(4) 32(3) 0(3) 14(3) -11(3)
C(3). 60(4) 60(4) 31(3) 2(3) 6(3) -13(3)
C(4)72(4) 68(5) 27(3) -2(3) 11(3) -23(4)
C(5) 71(4) 58(4) 39(3) -5(3) 22(3) -12(3)
C(6) 42(3) 66(4) 33(3) -2(3) 14(2) -9(3)
C(7) 42(3) 56(4) 45(3) -4(3) 14(3) -4(3)
C(8) 46(3) 65(4) 34(3) A(3) 9(3) 7(3)
C(9) 46(3) 62(4) 40(3) “1(3) 6(3) -2(3)
C(10) 56(4) 82(5) 33(3) -5(3) 9(3) -6(4)
C(11) 54(4) 96(6) 35(3) 0(3) 12(3) -4(4)
C(12) 49(4) 79(5) 41(3) 1(3) 9(3) -9(3)
C(13) 44(3) 71(4) 33(3) -5(3) 4(2) 0(3)
C(14) 52(4) 96(6) 33(3) -8(3) 8(3) -4(4)
C(15) 50(4) 90(5) 25(3) -9(3) 6(2) -10(4)
C(16) 45(4) 99(6) 30(3) -6(3) 6(3) -12(4)
C(17) 48(4) 91(5) 29(3) -3(3) 3(3) -14(4)
C(18) 43(4) 109(6) 35(3) -14(4) 5(3) -10(4)
C(19) 47(4) 89(5) 26(3) -11(3) 5(2) -17(3)

178



C(20) 38(3)
C(21) 55(4)
C(22) 43(3)
C(23) 43(3)
C(24) 43(3)
C(25) 48(4)
C(26) 49(4)
C(27) 41(4)
C(28) 49(3)
C(29) 123(7)
C(30)147(10)
C(31)224(15)
C(32) 127(9)
C(33) 60(5)
C(34) 71(7)
C(35)179(13)
C(36) 55(5)
C(37) 42(4)
C(38) 71(5)
C(39) 52(5)
C(40) 87(7)
C(41) 70(6)
C(42)260(20)
C(43) 68(9)
C(44)219(19)
C(45) 39(3)
C(46) 45(3)
C(47) 62(4)
C(48) 61(4)
C(49) 61(4)
C(50) 60(4)
C(51) 67(5)
C(52) 44(4)
C(53) 50(4)
C(54) 37(3)
C(55) 39(4)

90(5)
94(6)
88(5)
60(4)
62(4)
83(5)
100(6)
117(7)
65(4)
66(5)
143(10)
94(7)
98(7)
119(8)
69(7)
400(30)
118(8)
125(7)
123(8)
208(14)
173(12)
135(9)
230(20)
197(19)
480(40)
74(4)
71(4)
91(6)
104(6)
83(5)
75(5)
75(5)
98(6)
80(5)
81(5)
114(7)

27(3)
33(3)
33(3)
35(3)
29(3)
29(3)
44(4)
43(4)
28(3)
36(3)
70(6)
56(5)
76(6)
59(5)
290(20)
65(6)
83(6)
49(4)
59(5)
165(11)
92(7)
64(5)
165(15)
490(40)
270(20)
40(3)
33(3)
44(4)
32(3)
39(3)
49(4)
62(4)
40(3)
56(4)
71(5)
52(4)

-14(3)
-14(3)
-6(3)
3(3)
2(3)
3(3)
-6(4)
-8(4)
1(3)
-5(3)
-58(7)
-12(5)
-22(5)
-18(5)
-10(9)

-94(11)

0(5)
-2(4)
-2(5)
97(11)
-39(7)
-13(5)
30(14)

-80(20)
-310(30)
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-4(3)
0(3)
16(4)
-1(3)
33)
-2(3)
-8(4)

-17(3)

-10(4)
-7(4)
-5(4)

7(2)
11(3)
0(3)
-2(2)
-5(2)
-5(3)
-3(3)
93)
4(2)
10(4)
31(6)
-58(7)
2(6)
18(4)
33(9)
59(8)
8(4)
5(3)
27(4)
45(6)
18(6)
-3(4)
-81(15)
-71(15)

169(17)

53)
-2(2)
-5(3)
2(3)
2(3)
-9(3)
-14(4)
8(3)
17(3)
503)
73)

-10(3)
-10(4)
-1(3)
-3(3)
0(3)
3(3)
-17(4)
-20(4)
-9(3)
-25(5)
-20(8)
-23(8)
-52(7)
-31(5)
-12(5)
-210(17)
-22(5)
-25(4)
-27(5)
21(7)
-68(8)
-33(6)
-170(19)
-19(10)
-260(20)
-1(3)
-10(3)
-15(4)
-17(4)
-2(4)
-2(4)
-10(4)
-17(4)
0(4)
-3(3)
-14(4)



C(56) 59(5)
C(57) 90(7)
C(58)152(11)
C(59) 51(4)
C(60) 67(5)
C(61) 70(5)
C(62) 51(4)
C(63) 57(5)
C(64) 48(4)
C(65) 55(4)
C(66) 43(4)
C(67) 54(5)
C(68) 54(5)
C(69) 49(4)
C(70) 42(4)
C(71) 44(4)
C(72) 40(4)
C(73) 42(4)
C(74) 46(4)
C(75)- 40(4)
C(76) 47(4)
C(77) 53(4)
C(78) 42(4)
C(79) 62(5)
C(80) 76(5)
C(81) 80(6)
C(82) 66(5)
C(83) 87(6)
C(84) 72(5)
C(85) 72(5)
C(86) 88(6)
C(87) 79(6)
C(88) 82(6)
C(89) 92(7)
C(90) 79(4)
C(91) 87(4)

72(5)
104(8)
76(6)
66(4)
78(5)
90(6)
113(7)
95(6)
71(5)
61(4)
56(4)
64(5)
82(6)
109(7)
84(5)
62(4)
133(8)
117(7)
154(10)
184(12)
148(9)
101(6)
121(7)
86(6)
65(5)
79(6)
76(6)
79(6)
55(4)
51(4)
65(5)
69(5)
65(5)
156(11)
125(5)
131(5)

78(5)
106(8)
89(7)
37(3)
34(3)
54(4)
69(5)
70(5)
49(4)
76(5)
84(5)
134(8)
136(9)
107(7)
74(5)
67(4)
52(4)
36(3)
52(4)
67(5)
58(5)
43(4)
30(3)
71(5)
73(5)
80(6)
98(7)
72(5)
66(5)
59(4)
45(4)
88(6)
98(7)
116(9)
116(5)
101(4)
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-11(4)
9(6)
20(5)
1(3)
6(3)
12(4)
10(5)
5(4)
-1(3)
-11(4)
3(4)
11(5)
38(6)
55(6)
36(4)
19(4)
44(5)
18(4)
6(5)
-28(6)
-34(5)
-22(4)
7(4)
-18(4)
0(4)
6(5)
19(5)
25(4)
12(4)
1(3)
17(3)
2(4)
-24(5)
28(8)
29(5)
14(4)

4(4)
-2(6)

-12(7)

-2(3)
2(3)
5(4)
8(4)
5(4)
3(3)
15(4)
0(3)
21(5)
4(5)
-9(5)
1(3)
0(3)
-4(3)
-2(3)
-3(3)
-5(4)
10(4)
14(3)
2(3)
17(4)
12(4)
11(5)
2(5)

-12(5)

3(4)
6(4)
-4(4)
24(5)
33(5)
56(7)
-3(4)
16(4)

10(4)
4(6)
23(7)
-7(3)

-10(4)
-18(5)
-15(5)

6(4)
-6(3)
0@3)
1(3)
7(4)
20(4)
-4(5)
-1(4)
0(3)
2(4)

-14(4)

-6(5)

-17(6)
-29(5)
-19(4)
-10(4)
-15(4)

1(4)
4(5)
10(4)
9(5)
4(4)
-6(4)
7(4)

-12(4)

-9(5)
59(8)
5(4)
22(4)



C(92) 77(5) 117(6) 85(5) 13(5) 24(4) 22(5)

C(93) 81(5) 110(6) 88(5) 16(5) 24(5) 24(5)
C(94) 70(5) 105(6) 77(5) 16(5) 15(4) 25(5)
C(95) 76(5) 118(6) 85(5) 12(5) 17(4) 30(5)
C(96) 70(5) 118(6) 80(5) 12(5) 20(4) 24(5)
C(90) 87(4) 131(5) 101(4) 14(4) 16(4) 22(4)
C(91') 79(4) 125(5) 116(5) 29(5) -3(4) 5(4)
C(92)) 75(6) 115(7) 108(7) 29(6) -9(6) 1(6)
C(93) 72(6) 113(7) 108(7) 26(6) -15(6) 0(6)

C(94) 75(7) 112(8 06(7) 7

C(95) 74(6) 112(7 09(7)  27(€ 6(6) 3(6)
C(96") 74(6) /a/ 109(7) 29 1(6)
- 3

-16(6) 2(6)

181



M

ek @ ¥rdra

A
ApARTISETY 17

BT R K mm
SR ARl ERE T A SR 8 AL B ¥
dpm i Ee BY

182



